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The r e s u l t s  of wind-tunnel t e s t s  a t  Mach numbers from 0.2 t o  5 of a folding- 
wing en t ry  vehicle a re  presented. 
shape i n  t h e  launch and en t ry  configuration. With wings unfolded and nose heat-  
sh ie ld  je t t isoned,  it i s  a r e l a t i v e l y  conventional air-breathing cruise  vehicle .  
The considerations leading t o  the  select ion of t he  pa r t i cu la r  configuration 
,tested a re  a l so  presented i n  some d e t a i l .  

The vehicle  i s  of e s sen t i a l ly  blunt,  conical 
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The tes t  r e s u l t s  indicate  t h a t  t h e  aerodynamics of t he  vehicle  pose no 
jroblems t h a t  would preclude sa t i s f ac to ry  operation i n  any of th ree  phases of 
operation; namely, entry,  wing unfolding, and cru ise .  I n  the  entry configuration 
t h e  vehicle w a s  trimmed at an angle of a t tack  of about 40° at a l i f t -d rag  r a t i o  
of 0.8. The cruise  configuration has a m a x i m u m  l i f t - d r a g  r a t i o  of about 5 at  a 
Mach number of 2 .  

INTRODUCTION 

It may be considered desirable  from several  viewpoints t o  develop a rocket- 
boosted vehicle su i tab le  f o r  atmosphere en t ry  from nea r - sa t e l l i t e  speeds and a l so  
su i tab le  f o r  sustained cruise  f l i g h t  following entry.  Such a vehicle would be 
capable, f o r  mi l i t a ry  purposes, of rapid deployment for immediate operations t o  
any point on the  ear th ,  or would provide f o r  r e l a t ive ly  sophisticated s a t e l l i t e  
br space-ferry capab i l i t i e s .  

\I 

b compact launch configuration compatible with booster rockets, ( 2 )  t h a t  it have 

gn e f f i c i en t  powered cruise  vehicle .  The t h i r d  requirement, being d i r e c t l y  
contradictory with the  first two, leads t o  t h e  d e s i r a b i l i t y  of changing the  vehi- 
c l e  geometry f o r  e f f i c i en t  performance i n  t h e  various phases of f l i g h t .  It i s  

The prime aerodynamic requirements f o r  such a vehicle  a re  (1) t h a t  it have 

r e l a t ive ly  blunt, low l i f t -d rag  r a t i o  en t ry  configuration, and (3 )  t h a t  it be 



not immediately obvious, however, t h a t  a s ingle  vehicle incorporating r e l a t ive ly  
simple configuration var ia t ions  can be designed t o  perform e f f i c i e n t l y  i n  a l l  of 
t he  three  f l i g h t  regimes. 

One proposal f o r  a variable-geometry vehicle  designed t o  m e e t  t h e  
requirements outlined above w a s  presented i n  reference 1. 
foldable  wings and j e t t i sonable  nose f a i r ings  over an air-breathing-engine i n l e t .  
I n  the  launch and en t ry  conditions it i s  e s sen t i a l ly  of blunt, conical shape 
contoured t o  t r i m  a t  an a t t i t u d e  compatible with entry requirements. 
cruise  condition the  wings and associated s t ab i l i z ing  f i n s  a re  unfolded from t h e  a‘‘ 

t op  of t h e  vehicle,  t h e  heat-shield f a i r i n g s  are je t t isoned,  and the vehicle 
becomes a r e l a t ive ly  conventional a i r c r a f t  with air-breathing j e t  engines. 

It i s  t h e  purpose of t h i s  report  t o  present t he  r e s u l t s  of aerodynamic force 

This vehicle employs 

For t h e  

r 

and moment tests of t h e  vehicle from subsonic t o  moderate supersonic speeds. It 
w a s  desired t o  determine i f  t he  configuration i s  s tab le  and capable of being 
t r i m e d  t o  t h e  required a t t i t u d e  f o r  t h e  en t ry  phase, t h e  aerodynamic propert ies  
during t h e  wing unfolding phase, and t o  evaluate the  performance and s t a b i l i t y  
charac te r i s t ics  of t h e  cruise  configuration. 

NOTATION 
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loca l  chord 

sc2 dY mean aerodynamic chord, 

drag drag coeff ic ient ,  - 
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ro l l i ng  moment rolling-moment coeff ic ient ,  
gooSb 

l i f t  l i f t  coeff ic ient ,  - 
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pitching moment pitching-moment coeff ic ient ,  
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CL 
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QW 

-JJ l i f t - d r a g  r a t io ,  - 
CD 

f r e e  -stream Mach number 

free-stream dynamic pressure 

wing plan-form area,  Qt = 8, = Oo 

f r ac t ion  of satel l i te  ve loc i ty  

Cartesian coordinate system normalized with body length, 2 

vehicle  weight 

angle of a t tack,  deg 

angle of s ides l ip ,  deg 

wing-tip def lect ion angle, deg, posi t ive downward 

wing def lect ion angle 

der ivat ives  with respect t o  angle of a t tack  a, evaluated a t  
a = 0, per deg 

der ivat ives  with respect t o  s i d e s l i p  angle P ,  evaluated a t  
P = 0, per deg 

EXPERIMENT 

The variable-geometry vehicle  and the  f ac to r s  considered i n  i t s  development 
a re  described i n  d e t a i l  i n  t h e  appendix. Figures 1, 2, and 3 show, respectively,  
t h e  en t ry  configuration, t h e  w i n g s  being unfolded, and the  cruise  configuration. 
Figure 4 shows how t h e  vehicle might appear on a booster.  Some of t he  models of 
t h e  vehicle t h a t  were t e s t ed  d i f fe red  i n  d e t a i l  from t h e  desired configuration 
because of t h e  necessi ty  f o r  balance i n s t a l l a t i o n  and attachments as required by 
the  par t icu lar  t e s t  f a c i l i t i e s .  

c Wind Tunnels and Models 

Q Subsonic tests.-  Tests were conducted i n  the  Ames 7- by 10-Foot Wind Tunnel 
a t  a Mach number of 0.2 and a dynamic pressure of 50 psf f o r  t he  model shown i n  
f igure  3 .  The model w a s  supported from the  scale  balance assembly by means of 

model. 
"two s t e e l  rods driven i n t o  t h e  two outboard simulated jet-exhaust openings i n  the  
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Transonic t e s t s . -  Transonic aerodynamic charac te r i s t ics  
t he  Ames 2- by 2-Foot Transonic Wind Tunnel ( re f  e 2) a t  Mach 
1 .3 .  A six-component strain-gage balance mounted on a s t ing  
measure the  aerodynamic forces and moments. A pressure c e l l  
the base pressure. A sketch of the  model i s  shown i n  f igure 

Mach number, 
Moo 
0.2 

.6 

.9 
1.0 
1.1 
1.3  
3 00 
4 .O 
5 -0 

were determined i n  
numbers from 0.6 t o  
support was used t o  
w a s  used t o  measure 
5 .  This sketch, 

Total  pressure, Total  temperature, Reynolds number, 
ps ia  OF ft'" 
14.7 68 1 . 5 ~ 1 0 6  
11.8 70 2 . 8 ~ 1 0 ~  
8.9 70 2 .7~106  
8 .o 70 2 e 5x10s 
7.0 70 2.2x106 
5.4 70 1 . 7 ~ 1 0 6  

85 50 8 . 7 ~ 1 0 ~  
85 200 3 . 7 ~ 1 0 ~  

30 50 5. lX106 

when compared t o  f igures  1 and 3, indicates  the  modifications necessa ry to  accom- 
modate the  balance. 
e f f ec t s  of deflecting the  wing-tip panel 45' and 90'. 

model with the  39.5O semicone nose, and the  wing-tip panels deflected 90' i s  
shown mounted i n  the  tunnel i n  f igure 6 .  

Different wings were constructed f o r  investigating the 
Three nose shapes were 

used: a 90 semicone, a 39.50 semicone, and a semi-hemisphere. A view of t he  r' 

"'A Supersonic t e s t s . -  The sane models shown i n  f igures  5 and 6 were tes ted  a t  
l o w  angles of a t tack i n  the  Ames 10- by 14-Inch Supersonic Wind Tunnel ( r e f .  3) 
at Mach numbers from 3 t o  5. 

I n  order t o  invest igate  the  wing folding process a t  high angles of attack, 

A three-view drawing of a model representing the entry configuration i s  
addi t ional  smaller models were constructed with an offset  s t ing  support angle of 
40°. 
shown i n  f igure 7. 
folding process was tes ted  on the  body shown i n  f igure 8. 
angles of 120°, goo, 600, 30°, and 00 were t e s t ed .  
represents a wing-fold angle of 135O. 
i n  f igure  9. 

A s e r i e s  of wings representing various stages of t he  wing- 

The f u l l y  folded condition 
Wings having fo ld  

A view with the  wings folded 60° i s  shown 

' a  

c A drawing of the  model representing the  entry configuration with a s t i ng  
support angle of Oo i s  shown i n  f igure  10. 
shown i n  f igure 1. 2 

This wind-tunnel model w a s  previously 
,* 

Range of Test Variables 

Subsonic t e s t s  were conducted a t  a dynamic pressure of 50 pounds per square 
foot corresponding t o  a Mach number of 0.2 over an angle-of-attack range from -4' 
t o  + 1 4 O .  
t o  1.3 a t  angles of a t tack from -4' t o  +loo. Supersonic t e s t s  were conducted at 
free-stream Mach numbers from 3.0 t o  5.0 at  angles of a t tack from -bo t o  +50°. 
Lateral  s t a b i l i t y  and direct ional  data were obtained a t  several  angles of a t tack 
f o r  Mach numbers of 3.0, 4.0, and 5.0 through a range of s ides l ip  angles from -4' 
t o  +bo. 

Transonic r e su l t s  were obtained a t  free-stream Mach numbers from 0.60 

Reynolds numbers f o r  the  wind-tunnel test conditions a re  tabulated below: 
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Reduction of D a t a  

The force and moment data were reduced t o  standard coefficient form using 
The l i f t  the  plan-form area with wing t i p s  undeflected as the  reference area. 

and drag coeff ic ients  a re  referred t o  the  wind axes, while the  remaining coeff i -  
c ients  a re  referred t o  the  body axes. The moment reference center was chosen t o  
correspond t o  an estimated longitudinal center-of-gravity location at 53.3 per- 
cent of the a i r c r a f t  configuration reference length, 2, as shown i n  f igure 5. 

9 h i s  location corresponds t o  0.35F. The v e r t i c a l  center-of -gravity location w a s  
taken t o  coincide with the  center of the strain-gage balance f o r  the model shown 
i n  f igure 5. Base pressure was corrected t o  free-stream s t a t i c  pressure f o r  t he  

interference e f f ec t s  since these e f fec ts  a r e  considered t o  be s m a l l .  
"reduction of the  force measurements. No correction has been applied f o r  

RESULTS AND DISCUSSION 

The experimental r e su l t s  a re  presented i n  tab les  I through V I .  The 
longitudinal and l a t e r a l  aerodynamic charac te r i s t ics  f o r  the a i r c r a f t  configura- 
t i o n  a re  given i n  tab les  I and 11, respectively.  Tables I11 and I V  contain data 
f o r  the entry configuration, while tab les  V and V I  contain data f o r  t he  unfolding 
process. 

configuration, the  entry shape, and the wing-unfolding process. 

Various portions of these data w i l l  be presented i n  graphical form t o  
 illustrate the  experimental aerodynamic charac te r i s t ics  of the airplane 
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Entry Configuration 

The longitudinal and l a t e r a l  aerodynamic charac te r i s t ics  f o r  the entry 
configuration, as a function of angle of at tack, a re  shown i n  f igures  11 and 12, 
respectively.  I n  f igure 11, the  experimental r e su l t s  f o r  a Mach number of 5 a re  
compared with estimated values obtained by application of Newtonian impact theory 
together with an estimated skin-fr ic t ion drag coefficient of 0.001 (see  r e f .  4, 
appendix A ) .  The estimated and experimental values appear t o  be i n  reasonable 
agreement. It may be noted t h a t  a. t r i m  angle of about 40' angle of a t tack and a 
maximum l i f t -d rag  r a t i o  l e s s  than 1.5 were real ized.  
derivatives i n  f igure 12 indicated essent ia l ly  neut ra l  l a t e r a l  s t a b i l i t y  through 

The l a t e r a l  s t a b i l i t y  

a wide range of angles of 

c 

a t tack .  

Wing-Unfolding Configuration 

k 

Experimental r e su l t s  as  a function of wing-fold angle are  presented i n  
f igures  13 and 14 f o r  a Mach number of 3, and f o r  angles of a t tack of 40° and 

'25O, respectively.  
occurs in pitching moment with a nose-down moment as the  wings reach t h e i r  fully 
opened posit ion.  This e f fec t  i s  not so pronounced a t  an angle of a t tack of 25O, 
i l l u s t r a t e d  i n  f igure l 3 ( b ) .  These r e su l t s  indicate t h a t  it would be necessary 

From f igure  l 3 ( a ) ,  it may be noted t h a t  an abrupt change 
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t o  def lec t  t he  wing t i p s  t o  maintain control of t h e  aerodynamic center as t h e  
wing-unfolding process neared completion. 
be def lected at  supersonic speeds, no par t icu lar  problem with pitching-moment 
var ia t ion  should be encountered. However, from f igure  14( a ) ,  it appears t h a t  an 
unstable yawing moment occurs ea r ly  i n  the  wing opening procedure a t  a wing-fold 
angle of goo and at an angle of a t tack  of 400. 
an angle of a t tack  of 25', it appears t h a t  t he  react ion control  system may be 
required t o  provide a r t i f i c i a l  s t ab i l i za t ion  i n  t h e  yaw di rec t ion .  
nat ive t h e  vehicle could be pitched t o  2 5 O  j u s t  p r io r  t o  i n i t i a t i n g  the  unfolding 

momentary i n s t a b i l i t y  should not preclude sa t i s f ac to ry  operation. 

Insofar  as  t h e  wing t i p s  would normally 

Al thoughth is  does not occur a t  

A s  an a l t e r -  

procedure. I n  any event, t h e  unfolding process i s  not a lengthy one and a Y; 

Aircraf t  Configuration 

Typical aerodynamic charac te r i s t ics  as  a funct ion of angle of a t tack  f o r  
subsonic, transonic, and supersonic Mach numbers a re  i l l u s t r a t e d  i n  f igures  15, 
16, and 17. 
ously shown i n  f igu re  3.  Figures 16 and 17 contain data f o r  t h e  basic  model 
shown i n  f igure  5 with t h e  go cone nose, and with the  wing t i p s  undeflected. For 
angles of a t tack  up t o  8 O ,  which i s  w e l l  beyond t h a t  f o r  maximum l i f t -d rag  r a t i o ,  
t h e  l i f t  and moment coef f ic ien ts  a re  e s sen t i a l ly  l i nea r .  
curves appear t o  break i n  t he  unstable d i rec t ion  above an angle of a t tack  of 7O 
a t  subsonic and transonic speeds. It may be noted from f igure  15 t h a t  the  a i r -  
c r a f t  configuration achieves a l i f t -d rag  r a t i o  of about 10 a t  low subsonic speed 
at an angle of a t tack  of about 1'. 

Figure 15 contains r e su l t s  f o r  t h e  a i r c r a f t  configuration, previ-  

However, t h e  moment 

f 

The e f f ec t s  of Mach number on l i f t -  and moment-curve slope, minimum drag, 
Data a re  included f o r  a l l  

i 

and maximum l i f t -d rag  r a t i o  a re  shown i n  f igure  18. 
three  nose shapes, again with t h e  wing t i p s  undeflected. 

The hemispherical nose shape w a s  used t o  represent the  fu l l - s ca l e  
configuration with t h e  f a i r i n g  retained over t he  engine nose i n l e t .  This f a i r i n g  
could be retained after atmosphere entry u n t i l  t h e  vehicle speed w a s  reduced t o  a 
Mach number l e s s  than 2 i n  order t o  prevent a "buzz" phenomenon from occurring i n  
t h e  i n l e t  at higher speeds. The 39.5' nose cone i s  assumed t o  represent t he  con- 
f igura t ion  with blocked flow at  the  i n l e t  with complete spi l lage,  and i s  assumed 
t o  represent t h e  fu l l - s ca l e  configuration u n t i l  t h e  engines were started. It w a s  
impractical  t o  simulate the  nose i n l e t  on t h e  s m a l l  models. The go nose cone i s  
considered t o  be more nearly representative of t h e  fu l l - s ca l e  vehicle because it 
w a s  estimated t o  have the  same drag (within 5 percent) as t h e  exposed port ion of 
t he  fu l l - s ca l e  i n l e t .  
calculat ion.  

F u l l  flow w a s  assumed through the  i n l e t  f o r  t h i s  s 

v 

Lift-curve slope, measured a t  ct = 0, i s  presented i n  f igu re  18(a). cl 

Theoretical  values f o r  wings of moderate aspect r a t i o  a t  near-sonic speeds 
( r e f .  5 )  and f o r  a f l a t  plate at supersonic speeds ( r e f .  6)  are included f o r  
comparison. 
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The e f f ec t s  of nose shape on minimum drag ( f i g .  1 8 ( ~ ) )  are about as expected, 
with the  39.5O nose cone causing a la rge  drag increase.  The measured drag incre-  
ment between t h e  go and 39.5O nose cones a t  a Mach number of 3 was within 5 per- 
cent of a drag increment calculated independently from theore t i ca l  cone pressures 
and estimated sk in- f r ic t ion  coef f ic ien ts .  

The var ia t ion  i n  drag due t o  nose shape i s  re f lec ted  i n  m a x i m u m  l i f t -d rag  
A t  the design Mach number of 2, it appears possible t o  r ea l i ze  maxinum rat ios .  

l i f t -d rag  r a t i o s  of about 5 .  
+* 

Longitudinal s tab i l i ty . -  Deflection of t h e  wing t i p s  about streamwise hinge 

"and, a t  t h e  same time, introduces addi t ional  v e r t i c a l  s t ab i l i z ing  a rea .  I n  t h i s  
l i n e s  a t  supersonic speeds reduces t h e  rearward movement of t h e  aerodynamic center 

manner drag penal t ies  associated with excessively large control  surfaces and 
v e r t i c a l  s t ab i l i z ing  a rea  can be minimized (see ref.  7 ) .  
of t he  wing t i p s  can be expected t o  have an e f f ec t  on other aerodynamic character-  
i s t i c s  as wel l  as pitching moment. These e f f e c t s  a re  shown in  f igure  19 f o r  t i p  
def lect ions of Oo, 4 5 O ,  and 90'. 
def lect ion of 4 5 O  has very l i t t l e  e f f ec t  on l i f t -curve  slope and maximum l i f t -  
drag r a t io ,  whereas a t i p  def lect ion of goo reduces t h e  l i f t -curve  slope and 
causes a corresponding reduction i n  maximum l i f t -d rag  r a t i o .  The reduction i n  
s t a t i c  s t a b i l i t y  a t  supersonic speeds due t o  wing-tip def lect ion i s  indicated i n  
t h e  var ia t ion  of moment-curve slope. I n  order t o  show these e f f ec t s  on t h e  aero- 
dynamic center more d i rec t ly ,  t h i s  parameter is  shown f o r  each t i p  condition as a 
function of Mach number i n  f igure  20. 
r e s u l t  t h a t  by programming wing t i p  def lect ion from subsonic t o  supersonic speeds, 
t he  rearward t r a v e l  of t h e  aerodynamic center can be l imited t o  only about 2 per- 
cent of t h e  mean aerodynamic chord up t o  a Mach number of 2, and about 4 percent 
a t  a Mach number of 3 .  These r e s u l t s  a re  i n  e s sen t i a l  agreement with reference 7. 
Data i n  f igures  19 and 20 showing a s l i g h t  subsonic unstable moment were obtained 
with one of t h e  models modified t o  accommodate the  strain-gage 'balance. 
obtained with the  model shown i n  f igure  3 without modification t o  accept a balance 
do not indicate  a longi tudinal  i n s t a b i l i t y  a t  a Mach number of 0.2. 

However, t h e  def lect ion 

It may be noted from f igure  19 t h a t  a t i p  

This f igure  i l l u s t r a t e s  t h e  important 

Data 

Latera l  s t a b i l i t y .  - The supersonic lateral  s t a b i l i t y  der ivat ives  evaluated 
a t  a = O0 a re  presented i n  f igure  21. Data f o r  t h e  body alone, and f o r  t h e  body 
and wing combin&ion without t h e  v e r t i c a l  s t a b i l i z e r s  a re  a l so  included. 
addition of t h e  v e r t i c a l  s t a b i l i z e r s  provides a s t ab i l i z ing  yawing moment. 
Deflecting t h e  t i p s  90' e s sen t i a l ly  doubles t h e  s t a b i l i t y  coeff ic ient  i n  t h e  yaw 
direct ion.  

The 

CONCLUDING RENARKS 

The r e s u l t s  of t h e  study indicate  t h a t  t he  aerodynamics of t h e  vehicle  pose 
no problems t h a t  would preclude the  sa t i s f ac to ry  operation of t h e  vehicle .  
ing the  wings provided a su i tab ly  compact and blunt configuration f o r  atmosphere 
entry, with a maximum l i f t -d rag  r a t i o  l e s s  than 1.5, and an angle of t r i m  of 
about 40'. 
t i o n  t o  achieve a l i f t -d rag  r a t i o  of about 5 a t  a Mach number of 2, and a maximum 
l i f t -d rag  r a t i o  of about 10 a t  a Mach number of 0.2. 

Fold- 

The favorable interference e f f ec t  would per'mit t he  a i r c r a f t  configura- 
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The use of wing-tip droop provided sa t i s fac tory  control of the  s t a t i c  margin 
from subsonic t o  supersonic speeds. 

Ames Research Center 
National Aeronautics and Space Administration 

Moffett Field,  Calif., June 27, 1962 
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APPENDIX 

SELECTION OF STUDY COlTFIGURA.TION 

Pr ior  t o  the  present wind-tunnel investigation, a study w a s  made t o  define a 
vehicle complying with the  requirements outlined i n  the  Introduction of t h i s  
*report (see a l so  r e f .  1). 
%onfiguration selected i n  the  present study represents only one example of t h i s  
type of vehicle.  
t h i s  par t icu lar  configuration, which i s  shown i n  f igures  1 t o  4, i s  included i n  
' this appendix f o r  the  interested reader. Both the  select ion of geometry and a 
simple weight and performance analysis a r e  discussed. 

It should be noted a t  the  outset, however, tha t  the  

A re'sumg of the  considerations t h a t  went i n to  the select ion of 

'4 

SELECTION OF GEOM%TFX 

The geometry of t he  present configuration was determined by the  three 
requirements noted ea r l i e r ;  namely, it had t o  be (1) a compact launch configura- 
t i o n  compatible with booster rockets, (2)  a r e l a t ive ly  b l u n t  low l i f t -d rag  r a t i o  
entry configuration, and (3)  an e f f i c i en t  powered-cruise vehicle.  

. sa t isfying the  second of these requirements w i l l  almost automatically s a t i s f y  the  
f irst .  
of f l i g h t  other than t o  note t h a t  the  present configuration with i t s  wings folded 
i s  indeed a compact launch configuration as i s  i l l u s t r a t e d  i n  f igure 4. 

geometry. 

A configuration 

For t h i s  reason, no fur ther  a t ten t ion  w i l l  be given t o  the launch phase 

The 
:second two requirements are  those which, i n  the main, d i c t a t e  the  configuration 

Entry Requirements 

The entry configuration was designed t o  have a l i f t -d rag  r a t i o  between 0.5 
and 1.5. The lower l i m i t  w a s  selected so t h a t  t he  vehicle would have sui table  
entry decelerations and range control.  
en t ry  heat loads t o  leve ls  compatible with the  use of an ablation heat shield 
(refs. 8 and 9 ) .  
designed t o  t r i m  at about 40' angle of a t tack .  
increases the  bluntness of t he  vehicle f o r  be t t e r  heat diss ipat ion ( r e f .  10) .  
The desired trim angle and adequate longitudinal s t a b i l i t y  were obtained by the  

i n t o  an e l l i p t i c  section ( r e f s .  4 and 11). 

The upper l i m i t  was selected t o  l i m i t  the  

To s a t i s f y  t h i s  condition i n  par t ,  the  entry vehicle was  
This r e l a t ive ly  large t r i m  angle 

*'"use of a fuselage with a blunted conical forebody and with an afterbody boat ta i led 
The l i f t -drag  r a t i o  and the  center-of- 

-pressure locations as functions of angle of a t tack f o r  hypersonic Mach numbers 
shown i n  f igures  22 and 23. The inherent longitudinal s t a b i l i t y  indicated by 

the  rearward t r a v e l  of the center of pressure as  angle of a t tack increases i s  a 
d i rec t  r e su l t  of the  ra ther  severe boat ta i l ing of the  configuration. For the  
assumed center-of-gravity location, t r i m  i s  obtained a t  the desired angle of 
a t tack.  
region above the  body, and the  w i n g s  are  thus i n  a region of r e l a t ive ly  low 

With entry at t h i s  a t t i t ude  the  folded wings a re  stowed i n  the  shadowed 
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heating. Recognition w a s  given t o  the  advantages of closing t h e  wings so  t h a t  
t he  leading edges joined along a l i n e  f romthe  apex of t h e  body. 
ment minimized t h e  s i z e  of t h e  en t ry  f a i r ings  and a l so  provided s t ruc tu ra l  r i g id -  
i t y .  After t h e  period of high heating, t he  wings are ro ta ted  135O about a skewed 
hinge l i n e .  
low. If t h e  a l t i t u d e  is  high, a reasonable increment i n  range i s  obtained as t h e  
vehicle g l ides  t o  i t s  operational a l t i t u d e .  
t r a j e c t o r i e s  are presented f o r  a range of values of t he  parameter 
sentat ive of t h e  en t ry  configuration. The curve f o r  W/CLS of 200 pounds per  
square foot  i n t e r sec t s  an a l t i t u d e  of 120,000 f e e t  at a Mach number of 5 which 
i s  a su i tab le  condition t o  i n i t i a t e  t he  unfolding process. 
engines w i l l  not start  at t h i s  condition, of course, and the  vehicle may be 
required t o  g l ide  t o  an a l t i t u d e  between 20,000 and 30,000 feet  and t o  be a t  a 
subsonic Mach number before the  cruise  engines can be s ta r ted .  With t h e  addi t ion 
of auxi l ia ry  s t a r t i n g  equipment, however, windmilling starts could be accomplished 
at  an a l t i t u d e  of 60,000 feet and a t  Mach numbers between 1 and 2.  

This arrange- 

The unfolding should occur at a point where t h e  dynamic pressure i s  

I n  f igure  24, equilibrium gl ide  
W/QS repre- 

a 

Presently avai lable  

b. 

Cruise Requirements 

With the  wings unfolded, and with t h e  nose f a i r i n g  over the i n l e t  je t t isoned,  
the  cruise  configuration i s  obtained. For cruise  f l i g h t ,  aerodynamic e f f ic iency  
i s  a prime consideration and a maximum l i f t - to -drag  r a t i o  of a t  l e a s t  5 w a s  taken 
as a requirement f o r  t h e  present configuration. 
r a t i o  of 5 required t h a t  a reasonably high f ineness  r a t i o  fuselage be used and 
t h a t  m a x i m u m  advantage be taken of favorable l i f t  interference e f f ec t s .  
semicone fuselage represents a reasonable compromise between t h e  minimum l i f t -  
drag r a t i o  acceptable f o r  t h e  cruise  configuration and the  maximum l i f t -d rag  
r a t i o  acceptable f o r  t h e  en t ry  configuration. 
r e f s .  12, 13, 14, and 15) r e s u l t s  from t h e  in te rac t ion  of t h e  pressure f i e l d s  on 
the  semicone body and t h e  lower surface of t he  wing. A t  each supersonic Mach 
number there  is  a point on t h e  body beyond which t h e  pressure f i e l d  generated by 
the  body does not i n t e rac t  with t h e  pressure f i e l d  of t he  wing, and hence, has 
no fu r the r  e f f ec t  on t h e  l i f t  charac te r i s t ics .  A t  t h i s  point on the  body f o r  t h e  
design Mach number, t h e  boa t ta i l ing  of t he  lower surface w a s  begun. The boat- 
t a i l i n g ,  as noted previously, i s  useful  i n  t h e  attainment of t h e  desired en t ry  
trim angle, and a l so  provides t h e  cruise  configuration with an incremental 
pitching moment t h a t  reduces t h e  trim-drag penalty. The upper surface of t h e  
fuselage w a s  severely contoured t o  minimize base area, thus reducing base drag. 
Care w a s  taken i n  locating t h e  canopy i n  order t h a t  i t s  pressure influence on t h e  
wing would not adversely a f f ec t  drag (ref. 1 6 ) .  

The achievement of a l i f t -d rag  

The go 
d 

Favorable l i f t  interference ( see 

* 

A des i re  t o  l i m i t  t h e  over-al l  length of t h e  fuselage t o  about 30 f e e t  led 
t o  t h e  use of four  small engines ra ther  than a s ingle  large one. The engines 
selected a re  about 9 feet  long and weigh about 700 pounds each. The sea- level  B 

t h rus t  r a t ing  of t he  four  engines i s  about 14,000 pounds; thus a high thrus t - to-  
weight r a t i o  su i tab le  f o r  short  f i e l d  takeoffs  and, with t h r u s t  reversal ,  landingsLt 
i s  provided. 
i n l e t  geometry. 

The maximumMach number of t h e  engines i s  2 and t h i s  d ic ta ted  t h e  

10 



The bas ica l ly  t r iangular  wing plan form w a s  f a i r e d  smoothlyto t h e  nose 
i n l e t  ( re f .  17). 
rearward locat ion of t h e  center  of pressure without unduly lengthening the  over- 
a l l  configuration. 
locat ion of t h e  d i rec t iona l  control  and s t ab i l i z ing  surfaces.  Additional direc-  
t i o n a l  s t a b i l i t y  at  supersonic speeds w a s  obtained from wing-tip droop which w a s  
a l s o  used: t o  minimize t h e  t r a v e l  of t h e  aerodynamic center from subsonic t o  
supersonic speeds ( r e f s .  7 and 18). 

The wing t r a i l i n g  edge w a s  swept s l i g h t l y  t o  encourage a more 

An added advantage r e s u l t s  from a s l i g h t l y  more rearward 

Launch weight 
Entry weight 
Cruise weight f u l l  
Cruise weight empty 

WEIGHT AIW PEliFORMANCE ANALYSIS 

20,000 20 y 000 
19,300 19 Y 500 
16 500 16 500 
io, 500 8,300 

'1, 

With the  geometry of t h e  configuration selected,  a simple estimate of t h e  
weight w a s  made. 
considered i n  order t o  determine t h a t  t he  center of grav i ty  could be located t o  
provide a small s t a t i c  margin throughout t h e  operating Mach number range. 
t h e  arrangements a re  shown i n  f igures  25 and 26. The vehicle arrangement shown 
i n  f igure  25 i s  a high-performance configuration with four  engines and 6000 pounds 
of f u e l .  This vehicle i s  equipped t o  perform some type of mi l i t a ry  mission with 
t h e  r e su l t  t h a t  there  i s  no space or weight allowance f o r  mater ia l  t h a t  does not 
per ta in  t o  t h e  execution of t h e  mil i tary mission. 
arrangement with a s ingle  engine, 1000 pounds of fue l ,  and cargo or passenger 
space. This l a t te r  configuration would have a payload capabi l i ty  of 7200 pounds. 
The weight breakdown f o r  these two configurations i s  shown i n  f igures  23 and 26.  
The following t a b l e  itemizes some of t he  per t inent  weights. 

I n  addition, various in t e rna l  arrangements of t h e  fuselage were 

Two of 

Figure 26 presents an alternate 

Military version, Cargo version, I l b  l b  

For these estimates, t he  s t ruc tu ra l  weight w a s  taken as 27 percent of t h e  
gross weight. 
l a rge ly  steel  s t ruc ture .  It should be noted t h a t  supersonic t ransport  and m i l i -  
t a r y  a i r c r a f t  current ly  under consideration w i l l  be  constructed extensively of 
s t e e l  t o  maintain a safe  stress l imi t  at elevated temperatures. The weight 
needed f o r  thermal protect ion during entry was estimated t o  be 2000 pounds or 
10 percent of t h e  launch weight. The calculations which l ed  t o  t h i s  weight were 
based on t h e  use of Teflon as an ab la t ive  mater ia l  and included the  material  
needed t o  insu la te  t he  vehicle  from t h e  convective heat t r ans fe r  not blocked by 
t h e  ablat ion process. 
'khermal protect ion could be provided; however, some other  method such as f i lm  
cooling u t i l i z i n g  the  f u e l  supply could possibly a l so  provide thermal protection. 
As noted e a r l i e r ,  each of t h e  four  engines was taken t o  weigh 500 pounds. An 
allowance of 6000 pounds w a s  made f o r  f u e l .  
pounds was made f o r  retrorockets,  react ion controls, and f a i r ings .  This l a t te r  
weight as well  as a l l  t h e  thermal protection w a s  assumed t o  be je t t i soned  f o r  
cruise  operation. 

This r a t i o  i s  considered su i tab le  ' f o r  a supersonic a i r c r a f t  with a 

No attempt w a s  made t o  optimize t h e  m e a n s  by which adequate 

An addi t ional  allowance of 1500 
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The f l i g h t  operation envelope f o r  the  mi l i ta ry  version of the vehicle i s  
shown i n  f igure 27. The performance i s  based on current engine thrus t  character- 
i s t i c s ,  including the standard a i r c r a f t  industry association i n l e t  losses and on 
calculated values of l i f t -drag  r a t i o .  Fromthese estimates, and with 6000 pounds 
of f u e l  when reaching the  operational a l t i tude ,  the vehicle would have a radius of 
act ion of 400 miles at  a Mach number of 2 with 12 minutes of f l i g h t  time. 
l a r l y  at  a Mach number of 0.8, a radius of act ion of 800 miles providing 1 hour 
and 28 minutes of f l i g h t  time would be obtainable. 

Simi- 

k 

12 



REFERENCES 

1. Eggers, Alfred J., Jr., and Wong, Thomas J.: Motion and Heating of Lift ing 
Vehicles During Atmosphere Entry. ARS Journal, vol. 31, no. 10, Oct . 1961, 
PP * 1364-1375. 

2 .  Spiegel, Joseph M. ,  and Lawrence, Leslie F . : A Description of the  fhes 
2- by 2-Foot Transonic Wind Tunnel and Preliminary Evaluation of Wall 
Interference. NACA RM A55121, 1956. 

3 .  Eggers, A. J., Jr., and Nothwang, George J.: The Ames 10- by 14-Inch Super- 
sonic Wind Tunnel. NACA TN 3095, 1954. 

4. McDevitt, John B., and Rakich, John V.  : The Aerodynamic Characteristics of 
Several Thick Delta Wings a t  Mach Numbers t o  6 and Angles of Attack t o  50'. 
NASA TM x-162, 1960. 

5. Jones, Robert T . :  Properties of Low-Aspect-Ratio Pointed Wings a t  Speeds 
Below and Above the Speed of Sound. NACA Rep. 835, 1946. 
NACA TN 1032) 

(Formerly 

6 .  

" 7. 

ir 

8. 

9.  

10. 

11. 

12. 
e. 

"13. 

Staff of the Ames 1- by 3-Foot Supersonic Wind-Tunnel Section: Notes and 
NACA TN 1428, 1947. Tables f o r  Use i n  the Analysis of Supersonic Flow, 

Peterson, Victor L.:  The Effects of Streamwise-Deflected Wing Tips on the 
Aerodynamic Characteristics of an Aspect-Ratio-2 Triangular Wing, Body, and 
T a i l  Combination. NASA MEMO 5-18-59A, 1959. 

Eggers, Alfred J., Jr., and Wong, Thomas J.: Reentry and Recovery of Near- 
Earth Sa te l l i t es ,  With Particular Attention t o  a Manned Vehicle. NASA 
MEMO 10-2-58~, 1958. 

Allen, H.  Julian, and Eggers, A.  J., Jr. : A Study of the Motion and Aero- 
dynamic Heating of Missiles Entering the Earth's Atmosphere at  High 
Supersonic Speeds. NACA TN 4047, 1957. 

Reller, John O.,  Jr.: Heat Transfer t o  Blunt Axially Symmetric Bodies. 
NASA TM X-391, 1960. 

Rakich, John V .  : Supersonic Aerodynamic Performance and Stat ic-Stabi l i ty  
Characteristics of Two Blunt-Nosed, Modified 13' Half -Cone Configurations a 

NASA TM X-375, 1960. 

Eggers, A. J., Jr., and Syvertson, Clarence A.:  Aircraft  Configurations 
Developing High Lift-Drag Ratios a t  High Supersonic Speeds. NACA RM A55L05, 
1956 - 

Syvertson, Clarence A.,  Wong, Thomas J., and Gloria, Hermilo R. :  Additional 
Experiments With Flat-Top Wing-Body Combinations at  High Supersonic Speeds. 
NACA RM ~56111, 1957. 



14. Eggers, A. J., Jr.: Some Considerations of Aircraft Configurations Suitable 
for Long-Range Hypersonic Fl ight .  Colston Papers, Proceedings of the 
Eleventh Symposium of the Colston Research Society held i n  the University 
of Bristol ,  April 6-8, 1959. 

15. Migotsky, Eugene, and Adams, Gaynor J.: Some Properties of Wing and H a l f -  
Body Arrangements a t  Supersonic Speeds. NACA RM A57E15, 1957. 

16. Dennis, David H.,  and Petersen, Richard H.  : Aerodynamic Perf ormame and 
Sta t ic  S tab i l i t y  at Mach Numbers Up t o  5 of Two Airplane Configurations 
With Favorable L i f t  Interference. NASA ME510 1-8-59~, 1939. 

17. Seiff ,  Alvin, and Allen, X.  Julian: Some Aspects of the  Design of Hypersonic; 
Boost-Glide Aircraf t .  NACA RM A55E26, 1-955. 

18. Petersen, Richard H . :  The Effects of Wing-Tip Droop on the Aerodynamic 
Characteristics of a Delta-Wing Aircraft  a t  Supersonic Speeds. NASA 
TM x-363, 1960. 

14 



t 
, r  ep 

TABLE I.-LONGITUDINAL AERODYNAMIC CHARACTERISTICS FOR THE AIRCRAFT CONFIGURATION; 

Z C  h b  

8, = 0' 

2.14 

2.73 

2.95 

2.48 

2.88 

2.96 

(a) Body Alone, go Nose 

3.1 

5.2 

7.3 

4.2 

6.2 

8.3 

M, = 3.0 - M, = 4.0 - 
CD 

M, = - 
CD 

- 
a: 
deg 

-4.1 
-3.0 
-2.0 
-1.0 
.1 

1.1 
2.1 
3.1 
4.2 
5.2 
6.2 
7.3 
8.3 
9.3 

to. 4 
L1.4 

- 
- 

a: 
deg 

-4.0 
-3.0 
-2.0 
-1.0 
0 
1.0 
2.1 
3.1 
4.1 
5.1 
6 .1  
7.1 
8.1 
9- 1 

LO. 2 
L1.2 

- 
.o. 020 
-. 014 -. 009 -. 003 
.004 
.010 
.017 
.024 
.030 
.038 
.046 
.053 
.061 
.068 
.076 
* 082 

). 011 
.010 . oog . oog . oog 
.010 
.010 
. o n  
.012 
.014 
.016 
.018 
.021 
.023 
.026 
.030 

0.0048 
.0051 
.0057 
-0064 
.0071 
.0076 
.oca0 
.oca6 
.0095 
-0098 
-0105 
.0111 
.0120 
.0128 
.0135 
.0147 

-0.014 
-. 009 -. 005 
.001 
.ow3 
.011 
.017 
.023 
.028 
.035 
.041 
.047 
* 053 
.058 
.064 

I. 009 . oca 
.008 
-007 
.007 
.oca - oog . oog 
.010 
.012 
.014 
.016 
.018 
.020 
.023 

I. 0027 
.0033 
.0040 
.0045 
.0050 
.0055 
.0059 
.0063 
-0072 
-0076 
-0084 . Oogl 
.0099 
.Olea 
-0116 

-1.64 
-1.19 
-.63 

.09 

.79 
1.46 
2.00 
2.43 
2.72 
2.91 
2.98 
2.99 
2.96 
2.89 
2.80 

-0.012 -. 007 -. 002 
.004 . oca 
.Or4 
.018 
.023 
.029 
.034 
.039 
.044 . 049 
-054 
-059 
.064 

). oca 
.007 
.007 
.007 
.007 . oca 
.om .ow 
.011 
.012 
.014 
.015 
.018 
.020 
.023 
.025 

LO003 . 0010 

.0024 

.0034 

.0036 

.0051 
-0059 
.0064 
-0062 
-0073 
.0082 . ow0 
-0099 
.0103 
.0113 

.0025 

-1.52 
-.92 -. 34 
.51 

1.16 
1.82 
2.19 
2.51 
2.72 
2.90 

2.88 
2.79 
2.71 
2.62 
2.52 

2. a9 

- 1 M,= 0.60 1\1, = 0.80 - 
.0104 
.Om5 
.0072 
.0070 

.OW7 
-0131 

-0078 

.0128 

.0139 

.0147 

.0165 

.0174 

.ow1 

.0210 

-5.00 
-4.41 
-2.98 

4.04 

M, = 1.00 M, = 1.10 M, = 1.30 - 
.4.2 
-2.1 
0 
2.1 
4.1 
6.2 
8.3 

- 

- -. 072 -. 055 -. 036 -. 014 
.007 
.030 
.054 

- 
.0186 

- 
-3.37 
-2.92 
-2.10 
-.84 
.55 

1.66 
2.40 

- 

- 
-.068 -. 051 -. 033 -. 013 . oog 
.030 
.052 

- 

- 
.0203 
.0175 
.0157 
.0152 
-0157 
.0181 
-0218 

- 

- 
.0246 
.0241 
.0237 
.0232 
.0227 

.0230 

.0226 

- 

- 
-4.1 
-2.1 
0 
2.1 
4.2 
6.3 
8.4 

- 

- 
.0217 
. a 1 2  
.0211 
.0210 
.02& 
.0210 
.0217 

- 

-2.98 
-2.42 
-1.50 
-.29 

.98 
1.96 
2.55 

- 

.0245 
-0242 
.0237 
.0232 
.0226 
.0221 
.0223 

- 

.0130 

.0151 

.0187 



C o n t i n u e d  

cm 

0.0117 
.0102 
.om1 
,0065 
,0048 
,0039 

.0024 

.0014 
-.0002 
-.0014 
-.0032 
-.0054 
-.0078 
-.0107 
- . o m  
-.0117 -. 0129 
-.0139 
-.0145 

.0030 

TABU I.-LONGITUDIMAL AERODYIYAMIC CHARACTERISTICS FOR THE AIRCRAFT CONFIGURATION - 
(b) C o m p l e t e  Model, 39.5' Nose, 8% = 0' 

L I D  

-1.62 
-1.04 
-.28 

.42 
1.17 
1.51 

2.08 
2.32 

2.87 
3.08 
3.22 
3.27 
3.25 
3.27 
3.26 
3.22 
3.18 
3.15 

1.81 

2.54 

-4.2 
-3.1 
-2.0 
-.9 
.2 

1.2 
2.3 
3.4 

-0.072 
-.046 
-.017 
.010 
.038 
.e51 
.087 
.115 

-.0026 
-.0058 
-.0072 
-.OW5 

3.15 
3.44 
3.52 
3.58 

M, = 4.0 M, = 5.0 - 
L I D  
- 
-2.39 
-1.67 -. 66 

.33 
1.47 
2.33 
3.03 
3.40 
3.67 
3.88 
3.86 
3.78 
3.73 
3.65 
3.58 
3.51 
3.43 
3.34 
3.27 
3.19 

- 

- 
'D - 

0.023 
-021 
.020 
.020 
.020 
.021 
.022 
.023 
.026 
.028 
.030 
.032 
.034 
.036 
.039 
.Ob2 
-045 
.04e 
.051 
.055 
.058 
.062 

- 
a! 
deg 

-4.1 
-3.1 
-2.0 
-.9 
.1 

1.2 
1.8 
2.3 
3.4 
3.9 
4.4 
5.0 
5.5 
6.1 
6.6 
7.1 
7.7 
8.2 
8.7 
9.3 
9.8 

to. 4 

- 

- 

- 
cL - 

-0.049 -. 030 -. 011 

.026 

.Ob5 

.055 

.064 

. a 3  . og7 

.lo5 

.113 

.123 

.131 

.140 

.150 

.I59 
-167 
.176 
.186 
e 192 
.201 

. 

- 

CD - 
1.030 
.027 
.026 
-025 
.026 
.026 
.029 
.034 
.038 
.042 
.OM 
-055 
.059 
.063 

.071 

.076 

.081 

. a 7  

.w2 

. 6 r  

- 

ff 
deg 

-4.1 
-3.0 
-2.0 
-1.0 

.I. 

.6 
1.1 
1.6 
2.1 
2.6 
3.2 
4.2 
5.2 
6.2 
7.3 
7.5 
7.8 
8.3 
8.8 
9.1 

_. 

- 
__ 
-4.7 
-2.3 
.1 

2.4 
4.8 
7.3 
9.6 

cL - 
-0.039 -. 023 -. 006 . oog 

.026 

.034 
.Ob2 
.050 
.057 
.066 
.075 . ogo 
.lo6 
.122 
.I39 
.143 
.148 
.156 
.164 
.168 

- 
- 
-.254 -. 131 -. 026 

.083 

.I95 

. 3 6  

.385 

CD - 
I. 024 
.022 
.022 
.021 
.022 
.022 
.023 
.024 
.025 
.026 

.029 

.033 

.037 

.Ob3 

.044 

.045 

.om 

.05l 

.053 

.026 

- 

'm 

0.01% 
.0165 
.0115 
.0078 
.0051 
.0017 

- .0016 -. 0045 
- .0070 -. 0120 -. 0152 -. 0185 -. 0202 
- .0213 -. 0221 -. 0236 -. 0252 

-. 0259 -. 0270 

4.5 .140 
5.6 1 .162 
6.6 .185 
7.7 I .2& 
8.2 .220 
0.8 1 .229 
9.3 .240 
9.8 .250 

-.OW7 3.61 
-.0107 3.62 
-.0115 1.60 
-;012j 1 Si58 
-.0140 3.54 16.4 1 .262 
-.0144 3.49 
-.0155 3.43 
-.0168 3.37 

%= 0.80 M,= 0.60 

Q= 1.00 

M,= 0.90 

.0249 I -5.36 

.0247 -.48 

.0267 4.58 

.0278 6.60 
0333 

.0375 
6.36 
5.52 

M,= 1.30 

-4.7 I -.258 I .Ob94 I .0703 1-5.22 

5.1 
7.6 
9.8 

.2hl  .0502 .0039 4.80 

.309 1 .0662 1 .0205 1 4.66 
.0349 
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TABLE I.-LONGITUDINAL AERODYNAMIC CHAFWTERISTICS FOR THE AIRCRAFT CONFIGURATION - C o n t i n u e d  
(c) C o m p l e t e  Model, go N o s e ,  et = 0' 

-7.37 
-6.85 
-1.80 
5.04 
6.97 

.0347 

.Olg7 

.0140 

.0278 

.0492 

.ox% 

.0508 

.0442 

.0358 

.0311 

.0332 

.0551 

.0328 

M,= 3.0 M,= 4.0 

CL a! 
de@; 

-4.2 
-3.1 
-2.1 
-1.0 
.1 

1.2 
2.3 
3.3 
4.4 
5.5 
6.6 
7.7 
8.8 
9.9 

- 
'L I 'D v -3.22 p 1.1 .031 

2.1 .048 
3.1 .065 
4.2 .082 
5.2 .io2 
6.2 .120 
7.3 .I37 

-0.065 -. 056 -. 031 -. 002 
.027 
.054 
. a 2  . log 
.136 
.166 
.192 
.212 
.236 
.260 
.276 
.300 

-0.048 10.015 1.016 0.0073 
.014 1 .0071 
.013 .W59 

-3.18 

-1.60 
-2.62 

1.020 -3.24 
.Ole 0.0wg -3.07 
.017 -1.88 
.Ol5 .0051 .14 
.016 .0026 1.72 
.Or7 .0003 3.19 

.023 -.0045 4.76 

.027 -.0072 4.97 

.034 -.0105 4.96 

.Ob0 -. 0125 4.78 

.oig -.0024 4.27 

.Ob7 -.0134 4.54 

.055 -.0154 4.28 

.065 - . O W  4.02 

.073 -.0173 3.79 

.084 -.OW2 3.55 

-.Ob1 .015 
-.025 .013 
-.006 .012 

-2.76 
0.0077 -1.91 

.0056 -.45 .012 .0043 -.30 
.013 I .0016 1 1.26 
.013 .0014 2.12 

.0025 i 3 8  

.oOo3 2.77 

-. 0037 4.44 
-.0054 4.71 
-.0076 4.75 

-.0018 3.84 

-.ow2 4.60 
-.0107 4.40 
- . o n 7  4.16 
- . O K 9  3.91 

.017 .012 

.037 .013 

.057 .015 

.077 .017 

.og7 .021 

.120 .025 

.140 .030 

.161 .037 

.180 .Oh3 

.1gg .051 

.015 

.017 

.020 

.024 

.029 

.034 

.Ob0 

-. 0003 -. 0019 -. 0038 -. 0058 
- .0075 -. 0086 -. 0106 

3.24 
3.80 
4. og 
4.23 
4.17 
4.08 
3.92 

4.5 
5.6 
6.7 
7.8 
8.9 
9.9 
11.0 

M,= 0.60 M,= 0 IO M,= 0.90 

-. 025 

.188 .0261 

M,= 1.10 M,= 1.30 M,= 1.00 

-4.6 
-2.2 

- 3  
2.7 
5.1 
7.6 
9.7 

.0700 -5.16 

.601 I -3.64 
.4.5 
.2.1 

. 3  
2.7 
5.2 
7.6 
9.7 

- .170 -. 061 
.Ob3 
.141 
.245 
.305 

.0385 

.027S 

.0257 

.0316 

.OK1 

.Oh13 

.0313 

.0223 

.0132 

.0043 

.0248 

.0348 

-4.40 
-2.17 
1.69 
4.44 
5.31 

-.238 .Ob61 
- . U T  .0321 

.lo7 .0315 

.230 .Ob55 

.325 .0634 

-.002 .0276 .Om1 -.07 
.0372 3.38 
.0258 5.04 
.0335 5.13 
.0392 



TABm I.-LONGITUDINAL AFIRODYNAMIC CRllRACTERISTICS FOR THE AIRCRAFT CONFIGURATION - 
(d) C o m p l e t e  M o d e l ,  Semi-hemisphere N o s e ,  0% = 0' 

3.93 
3.78 
3.61 
3.42 
3.25 
1.88 

C o n t i n u e d  

7.6 
8.2 
8.7 
9.3 
9.8 
10.3 

a 
de g - 

-4.2 
-3.1 
-2.0 
-1.0 
.1 

1.2 
2.3 
3.4 
4.5 
5.5 
6.6 
7.7 
8.8 
9.9 

10.9 
l2.0 
23.9 
24.9 
26.0 
27.1 
28.1 
29.2 
30.2 
31.3 
32.4 
33.4 
34.5 
35.5 
36.6 
37.6 
38.1 
39.6 
40.2 
40.7 
41.2 
41.7 
41.9 
42.2 
42.4 
42.7 
42.9 
43.2 
44.7 
45.8 
46.8 
47.8 
48.8 
49.8 
50. a 
51.8 - 

M, = 3.0 M, = 4.0 

cL 

-0.077 
-. 053 
-. 027 
.005 
.OF 
.057 
tog3 
.log 
,132 
.I55 
,180 
.205 
.e27 
.249 
.272 
.293 
.490 
.395 
.526 
,540 
.554 
. 5 9  
,584 
.592 
.605 
.620 
,643 
.65? 
.678 
,700 
.707 
.a00 
.a11 
.E19 
.831 
.a37 

.e37 
,838 
.a37 
.836 

.836 

.E30 

.829 

.831 

.a43 
,836 
.a29 
.824 

. a39 

.830 

cD - 
. 026 
.024 
.022 
.022 
,021 
.023 

. 025 

.033 

.038 
,045 
.052 
.os0 
. 6 9  
,079 . ogo 
,260 
,311 
.289 
.290 
.292 
,295 
.299 
.310 
.310 
.316 
.320 
,326 
,333 
.342 
.353 
.363 
,371 
.379 
,390 
.403 
.407 
.410 
.414 
,418 
.423 
.427 
.5= 
.527 
.541 
,560 
.582 
.597 
.612 
.624 - 

0.0204 
.0175 
.0141 
.0053 
.0@5 -. 0008 

- .0074 
- .0100 -. 0127 -. 0159 
- .Ole5 
- . 0205 
-.0230 -. 0232 -. 0262 -. 0550 

-. 0576 
-. 0573 -. 0557 -. 0532 -. 0543 -. 0226 
-.0202 
-.woe 
- .Ob17 
- .04& -. 0503 
- .0784 -. 075h 
- .1852 
- .1983 
-.2087 
- .2184 
-.2327 
-.2355 
-.2351 
-.2377 
-.2355 
- .2359 
-.2315 
- .2410 -. 2410 
-.2482 -. 2548 
-.2683 
-. 2705 
-.2726 
- .2769 - 

3.3 

1.86 
1.89 
1.92 
1.95 
1.90 
1.94 
1.96 
2.00 
2.01 
2.03 
2.04 
2.00 
2.20 
2.18 
2.16 
2.12 
2.07 
2.06 
2.04 
2.02 
2.00 
1.97 
1.94 
1.63 
1.57 
1.53 
1.48 
1.44 
1.40 
1.35 
1.32 

-0.o5t 
- .03f -. 017 
. 00: 
,025 
.0h1 
,055 
.077 
. ogs 

.13t 

.151 

.16: 

.17: 

.le& 

.19( 

.19[ 

,117 

- 

cD 

3.022 
.020 
.019 
.018 
.018 
.019 
,021 
,023 
.027 
.031 
.036 
.042 
.045 
.048 
.052 
.055 
.059 

- 

0.0170 
.0142 
.0m8 
,0060 
.0026 

- .0004 
- .0031 
-. 0054 -. 0 9 0  
- ,0114 
- .0138 -. 0155 
- .0166 
- .0171 
- . o m  
- .ox30 -. 0186 

- 

-2.52 
-1.90 
-.92 
.og 

1.22 
2.14 
2.86 
3.35 
3.67 
3.76 
3.75 
3.68 
3.62 
3.57 
3.49 
3.42 
3.34 

- 

- 
QI 

deg - 
-4.1 
-3.0 
-2.0 
-1.0 
0 
1.1 
2 .1  
2.9 
3 .1  
4.2 
5.2 
6.2 
7.2 
7.8 
8.3 
8.8 
9.3 

- 

cL 

-0.049 
-. 033 
-. 014 . OM 
,018 
.034 
.050 
.061 
.066 
.081 
,097 
.113 
.129 
.137 
,146 
.155 
,163 

M, = 5.0 

cD 

.023 . @1 
,020 
.020 
.020 
.021 
.023 
,024 
.024 
. a 7  
,031 
.035 
.039 
.042 
,045 
.049 
.052 

'rn 

0.0173 
.0156 
.0078 
. o m  
,0041 
.0017 

- .0003 
-. 0018 
- .0026 -. 0048 
- .0067 

0090 
- . O D 1  -. 0121 -. 0136 
- .0149 
- .0161 

2.16 
1.58 

.08 

.88 
1.62 
2.19 

-. 70 

2.52 
2.72 
2.97 
3.14 
3.22 

3.25 
3.22 
3.18 
3.14 

3.26 

= k  



& = 0.60 I M, = 0.80 

'D 'm 

.0173 .0318 -6.58 

.0133 .0292 -.73 

.0157 .0302 5.08 

.0261 .0313 7.07 

.&52 . O W  6.42 

.0718 .0395 5.36 

0.0288 0.0342 -7.66 
1 i 'L 'D 'III 'ID 

-4.3 -0.193 0.0260 0.0242 -7.43 
-2.1 -.W5 .0164 .0250 -5.81 

-.OW .0134 .0247 -.67 

dgg 'L 

-2.3 -.133 
.1 -.025 

2.5 .082 
4.8 .192 
7.3 .305 
9.6 .385 

-4.7 -0.258 
a2g 

-4.6 
-2.2 
.1 

2.4 .080 
4.7 1 .185 
7.1 .290 

CL 

-0.221 
-.114 
-.010 

9.4 I .385 

-4.7 -.256 .ob69 . o m  -5.45 -4.6 -.233 .0472 .0663 
-2.3 -.147 .0327 .O67O -4.48 -2.2 -.116 .0337 ,0588 
.1 -. 041 .0262 .0590 -1.56 .2  -. 005 .@go .0482 

2.6 .078 .0279 .0507 2.79 2.7 . lo5 .0326 .0378 
5. o .204 .o400 .Ob19 5. og 5.1 .228 .0464 .0269 
7.5 ,335 .0645 .0297 5.19 7.6 .330 .0671 .03@ 

.0449 6.og 9.8 .359 .0398 9.7 ,377 

-4.93 -4.6 
-3.45 -2.1 
-. 16 . 3  
3.22 2.7 
4.92 5.2 
4.91 7.6 
5.91 9.8 

M, = 0.90 

M- = 1.30 

-.172 I :o";ZI .0414 I -4.07 

.041 .0292 .@?l 1.19 
-. 063 .0318 -2.00 ::?:I .0140 .00591 4.95 3.95 

.3og .0225 4.79 

.337 .OX8 .0352 6.49 



[u 
0 

cm LID 

0.0107 -3.52 
.Om7 -2.70 
.0061 -1.41 

-.0003 .46 
-.0030 2.36 
-.0053 3.68 
-.0076 4.64 
-.ow38 5.03 
-.ow2 5.11 
-.0113 5.01 
-.0136 4.80 
-.0174 4.55 -. 0184 4.28 
-.0189 4.01 
-.0222 3.77 
-.0238 3.54 

TABU I.-LONGITUDINAL AERODYNAMIC CHARACTERISTICS FOR THE AIRCRAFT CONF'IGURATION - C o n t i n u e d  
( e )  Complete Model, go Nose, B t  = 45' 

d," 
-3.1 
-2.1 
-1.0 
.1 

1.2 
2.3 
3.3 
3.6 
4.4 

6.6 
5.5 

7.7 
8.8 
9.9 

10.4 

M, = 4.0 

-4.7 
-2.3 
.1 

2.4 
4.8 
7.3 
9.6 

M, = 5.0 - 

-.242 .0328 
-.135 . O W  
-.031 . O W  
.075 .0159 
.184 .0265 
.295 .Ob65 
.374 .0706 

M, = 3.0 

.Ob63 

.0439 

.0397 

-7.38 
-7.04 
-2.24 

-5.37 
-4.38 
-1.55 
2.85 
5.27 
5.34 

-4.6 
-2.2 

. 2  
2.7 
5.1 
7.6 
9.7 

g--t+ 
-2 .1  -.023 

cD - 
1.021 
.018 
.016 
.015 
.016 
.017 
.019 
.023 
.028 
.034 
.Oh0 
.048 
.057 
.067 
.078 
. a 9  

a 
As.& 
-2.5 
-2.0 
-1.5 
-1.0 
0 
1.1 
2.1 
2.9 

CL - 
-0.021 -. 014 
-. 003 
0 
.017 
.031 
.046 
.058 

CD - 
). 013 
.013 
.013 
.013 
.013 
.014 
.015 
.017 

cm 
). 0023 
.0025 
'. 0006 
.0022 
.0012 . 0010 

. 0001 

- 

.0005 

L I D  ___ 
.1.56 
.1. og -. 20 

.03 
1.32 
2.25 
3.13 
3.36 

-1.0 I .007 
.1 

1.2 
2.3 
3.4 
4.5 
5.6 
6.7 
7.8 
8.8 

.143 

.169 

.194 

.221 

.245 

.294 

.316 

.26a 9.9 
11.0 
12.1 I 

I M, = 0.60 M, = 0.80 M, = 0.90 

-4.3 
-2.1 
0 
2.2 
4.4 
6.6 
8.9 

-. l a2  -. ogl -. 008 
.071 
.168 
.252 
.347 

.0236 

.0146 

.o i l9  

.0143 

.0232 

.0378 

.a511 

.0179 -7 71 -4 6 -.2@ 

.0246 -.log 

.0302 -. 018 

.0311 .077 

.0407 .174 
.282 
.378 

.0230 I -6121 1-212 I -.log 

- 

0262 
0157 
0156 
0121 
0147 
0240 
0429 
0691 

.0381 

.0390 

.0b37 

.0595 

4.68 
6.96 
6.34 
5.29 

M, = 1.00 M, = 1.10 M, = 1.30 
I - 

.4.23 

.2.01 
1.72 
4.38 
5.30 
5.17 
7.39 

- 
-. 216 -. 107 -. 006 
.lo5 
.224 
.320 
.350 

- 
-4.5 
-2.1 

- 3  
2.7 
5.2 
7.6 
9.7 

-4.6 
-2.2 
.1 

2.6 
5.0 
7.5 
9.7 

-. 238 
-. 137 -. 039 
.077 
.eo5 
.335 
.370 

.0442 

.0311 

.0250 

.0271 

.0388 

.&27 

.Ob34 

.0318 

.0276 

.0312 

.0446 

.0625 

.0628 

. 6 4 0  

.0595 

.0538 

.0443 

.0347 

I 

'I ' B i  



I B r  7 1  I *  e' 

(f) C Q m p l e t e  M o d e l ,  9' N o s e ,  et = 90' 

1 

TABLE I.-LONGITUDINAL AERODYNAMIC CHARACTERISTICS FOR THE AIRCRAFT CONFIGURATION - C o n t i n u e d  

-.OO$ 
-.0027 
-.0017 
-.0041 

* 3.0 - 
CD - 
.020 
.018 
.016 
.015 
.016 
.017 
.020 
.023 
.027 
.032 
.038 
.044 
.050 
.058 
.068 
.078 

4.11 7.3 
3.91 8.3 
3.70 8.6 
3.61 8.8 

M, = 5.0 

-.196 ,0270 
-.111 .0176 

M, = 4.0 I 

.0280 -7.26 

.0352 -6.27 

M 

CL 

-0.066 -. 041 
.017 
.007 
.033 
.058 
.a1 
. lo4 
.126 
.148 
.171 

.207 

.224 

.247 

. la9 

.268 

-4.5 -.172 
-2.2 -.@2 

- 
LID 

-3.28 
-2.34 
-1.08 

.48 
2. og 
3.37 
4.15 
4.53 
4.72 
4.66 
4.51 
4.31 
4.10 
3.88 
3.65 
3.45 

- 

- 

.0227 .0161 -7.60 -4.6 

.0150 .0263 -6.15 -2.2 

- 
CD - 
I. 013 
.012 
.012 
.012 
.013 
.015 
.017 
.021 
.026 
.030 
.036 
.042 
.Ob9 
.053 

- 

.1 
2.4 

7.0 
9.3 

4.7 

-.017 .0124 .0314 -1.34 .1 
.066 .0148 .0387 4.49 2.4 
.147 .0230 .0483 6.39 4.8 
.234 .0385 .0595 6.08 7.2 
.310 .0599 .0759 5.17 7.2 

9.5 

.0391 

.0301 

.0275 

.03@ 

.Ob24 

.0639 

.0793 

.Oh29 -4.62 -4.5 

.0480 -3.04 -2.1 

.Ob71 . O l  .3  

.0468 3.02 2.7 

.Ob67 4.53 5.1 

.0447 4.64 7.5 

.Ob61 4.24 9.7 

- 
a 

233.. 
-4.2 
-3.1 
-2.0 
-1.0 
.1 

1.2 
2.3 
3.4 
4.5 
5.5 
6.6 
7.7 
8.8 
9.8 

10.9 
12.0 

- 
a 
- 6% 

-3.1 
-2.0 
-1.0 
.1 

1.2 
2.3 
3.3 
4.4 
5.5 
6.6 
7.7 
8.8 
9.9 

LO. 4 

- 
CL 

-0.030 
- 
-. 014 
.003 
.022 
.Ob0 
.058 
.075 . og4 
.112 
.131 
.147 
.166 
.181 
.192 

- 
CL - 

.o. 010 -. 003 
6.006 

.020 

.035 

.044 

.051 

.lo1 

.120 

.140 

.159 

.142 

.147 

.151 

- 

'rn 'rn 

0.0058 
.0044 
.0033 
.0022 
.0011 
.0003 

- .0003 
- .0004 
- .0025 
- .0032 
- .0041 -. 0040 
- .0036 
- .0041 -. 0048 -. 0061 

.013 

.013 
,013 
.013 
,014 
,015 

.023 

.027 
I 032 
.038 
,039 
,041 
,043 

.016 

- 

0.74 -. 21 
.43 

1.53 
2.47 
2.90 
3.17 
4.46 
4.47 
4. 35 
4.22 
3.60 
3.57 
3.53 

- 

3.0040 -2.28 -2.0 
.0029 -1.13 -1.5 
.0020 -1.0 

0.0011 
.0011 
.0004 

0 
- .0005 
- . 0010 
- .0015 
- .0120 
- .0148 
- .0176 
- .0202 
- .0031 
- .0033 
- .0038 

.0008 1.83 0 
-.0003 3.04 1.1 
-.0013 1 3.84 I 1.6 
-.0020 I G.27 I 2 .1  
-.0025 4.37 4.2 
-.0031 I 4.38 1 5.2 
-.0016 4.28 6.2 

I M, = 0.80 M, = 0.60 

-4.3 
-2.1 
0 -.029 .0141 .0389 -2.07 

.064 1 ,0163 1 .0435 I 3.92 

.151 .02@ .os20 6.10 
.0145 .0353 4.38 t:: 1 1:; 1 .0217 I .Oh53 1 6.24 

6.6 . a 2  .0346 .0585 6.11 
8.8 I .290 I .Os41 I .0?26 I 5.35 

I I I I I L 
M, = 1.30 M, = 1.00 I M, = 1.10 

- 
-.I33 -. 047 

.039 

.122 

.211 

.294 

.318 

- 
-3.90 
-1.75 
1.49 
3.89 
4.82 
4.58 
4.21 

- 
.0341 
.0266 
.0262 
.0314 
.Oh38 
.0641 
.0754 

- 
.0246 
.0254 
.0245 
.0230 
.0225 
.0271 
.0395 

-4.6 
-2.2 
.1 

2.6 
5.0 
7.4 
9.7 
- 

.0392 . a287 

.0250 

.0270 

.0366 

.0575 

.0768 
- 

.0472 

.0548 

.0571 

.0594 

.0595 

.0557 

.Ob99 
- 

-5.16 
-4.12 
-1.40 
2.41 
4.66 
5.00 
4.66 
- 

-4.5 
-2.1 

. 3  
2.7 
5.1 
7.5 
9.7 

-. 181 
-.@2 
0 

.@3 

.193 

.297 
f337 

-. 202 
- .118 -. 035 
.065 
.171 
.287 
.358 



TABLE 1.-LONGITUDINAL AERODYNAMIC CHARACTERISTICS FOR THE AIRCRAFT CONFIGURATION - C o n c l u d e d  
(g) C o m p l e t e  M o d e l ,  Except No V e r t i c a l  Stabil izers,  9’ N o s e ,  8% = 0’ 

-.002 
.015 
.032 
.048 
.066 
.082 
.lo0 

- 
a 
deg 

4.2 
3.1 
2.1 
1.0 
.1 

1.2 
2.3 
3.4 
4.5 
5.6 
6.7 
7.7 
8.8 
9:9 
1.0 
2.1 

- 

.011 

.011 

.012 

.014 

.016 

.ow 

.023 

= 3.0 * 
4.4 
5.5 
6.6 
7.7 
8.8 
9.9 

-0.076 0.020 
-.055 .017 
-.029 -015 

.@6 

.121 
.142 
.161 
.i8i 
.I99 

.oo i  I .oi4 

-.0054 -. 0086 
-.0105 
- . o m  
-.0124 
-.0121 

.135 *108 I .026 * O 2 I  4.85 4.2 
4.88 5.2 

4.47 7.3 
4.21 8.3 
3.96 9.3 

10.4 

4.71 6.2 
.I64 .032 
.190 1 .038 
.214 .046 

MI = 0.60 

0.0101 
.0107 
.0081 
.0052 
.0019 -. 0008 -. 0033 -. 0057 -. 0085 -. 0109 -. 0130 -. 0149 -. 0165 -. 0170 -. 0188 -. 0209 

-3.79 
-3.13 
-1.91 

.03 
1.96 
3.54 
4.56 
5.04 
5.22 
5.15 
4.93 
4.63 
4.34 
4.07 
3.81 
3.58 

M = 1.00 
4.6 -.253 .Ob42 .0728 
2.2 -.142 . 0 3 5  . 6 7 4  
.i -.04i .0230 . g o o  

2.6 .083 .0252 .0518 
5.1 .214 .0391 .0376 
7.5 .344 .0635 .0257 
9.8 .382 .Ob45 

-. 022 

-. 020 

.182 

.301 

1.016 
.013 
.012 
.011 
.011 
.012 
.014 
.017 
.020 
.025 
.030 
.036 
.Oh3 
.050 

MI = 0.80 1 

Mm= 
* ‘L I ‘D 

i 

-0.050 0.014 
-.034 .013 
-.018 .012 

.118 .028 

.135 I .033 

.154 .Oh0 

0372 
0341 
0 3 6  
0280 

I -8.03 1-4.7 I -.259 
-7.36 -2.3 -.i40 1 -2:i I 2:i 1 -.033 

. 070 

0 - 
‘3n 

0.0064 
.0053 
.0046 
.0030 
.0019 
.0008 

- .0007 -. 0019 -. 0034 - .0040 -. 0053 - .0072 -. 0087 - .0105 -. 0130 

M, = 0.90 

-3.47 
-2.71 
-1.55 - .20 
1.34 
2.63 
3.47 
4.05 
4.26 
4.24 
4.19 
4. 09 
3.90 
3.71 
3.53 

-7.50 
-7.27 
-2.47 
4.66 
7.20 
6.34 
5.87 

-5.72 
-4.80 
-1.75 
3.28 
5.47 
5.41 

S ‘  r-, 
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TABLE II.-LATERAL AERODYNAMIC CHARACTERISTICS FOR TIlE AIRCWT CONFIGURATION 
(a) Body Alone, 9’ Nose 

.OM2 

.0081 
,0051 

,0111 

M, = 3.0 

T 

-.0001 .00006 
,0001 .00015 
,0002 .OOOlg 
,0005 . o o m  

C2 

0.00031 
-. 00019 
- .oool2 -. 00004 
-. 00005 
,00004 
. 00011 
,00017 
.00024 - ,00076 

- .00058 -. 00037 
- ,00022 
-. 00007 
,00023 
,00038 
,00061 
.00083 

-.00048 
-.00034 
-.OOMl 
0 

.ooo13 
,00028 
.00041 

- 
CI 

I”g 
0.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 

7.3 
7.3 
7.3 
7.3 
7.3 
7.3 
7.3 

- 

7.1 -3.0 
7.1 -2.0 
7.1 -1.0 
7.1 0 

7.1 2.0 
7.1 3.0 

7.1 1.0 

_. 

B 
deg 

-4.0 
-3.0 
-2.0 
-1.0 
0 
1.0 
2.0 
3.0 
4.0 

-3.0 
-2.0 
-1.0 
0 
1.0 
2.0 
3.0 

- 

M- = 4.0 

CY - 
-0.0121 
- . oogo 
-.0063 -. 0034 
- ,0006 
.0020 
,0050 
,0078 
.Ol& 

-. Olog - ,0076 -. 0043 
-. 0008 

.0027 

.0062 
,0097 

cn 
.o. 0005 
- 
- .0004 
-. 0002 
- ,0001 
0 
. 0002 
.0003 

.0006 

- ,0007 
- .0004 
-. OOM 
0 

.0003 
,0005 
.0008 

.0005 

.00001 0 1.0 

.ooooa 0 2.0 

.00014 10 1 3.0 
,00017 0 4.0 

-. 0102 
- .0070 
-. 0036 
-. 0001 
,0033 
,0071 

Iu 
W 



TABU I I . - L A T W  AERODYNAMIC CHARACTERISTICS FOR THE AIRCRAFT CONFIGURATION - C o n t i n u e d  
(b) C o m p l e t e  M o d e l ,  39.5' N o s e ,  8% = 6' 

deg 
0.1 
.1 
.1 
.L 
.I 
.1 
.1 
.1 
.l 
7.7 
7.7 
7.7 
7.7 
7.7 
7.7 
7.7 
7.7 
7.7 
7.7 
7.7 
7.7 

deg 
-4.0 
-3.0 
-2.0 
-1.0 
0 
1.0 
2.0 
3.0 
4.0 

-4.0 
-3.0 
-2.0 
-1.0 
0 

.5 
1.0 
1.5 
2.0 
2.5 
3.0 
3.5 

M, = 3.0 

C 
- 

- 
-0.0209 -. 0166 -. 0109 - .0057 
0 
.0049 
.0103 
.0153 
.0212 -. 0236 - .0188 -. 0137 -. 0087 -. 0034 -. 0010 
.0017 
.0041 
.ow57 . 0093 
.on7  
.0145 

__ 
'n 

0.0020 
.0015 
. 0009 
.0003 -. 0003 -. 0009 

-. 0015 -. 0020 -. 0026 
.0014 
,0012 
.OOlO 
.0008 . 0006 
.0005 
.0002 . 0002 

0 -. 0001 - .0002 -. 0004 

C l  

.o .00220 - .00181 
- .ooc62 - .00009 

.OOO% 

.om98 

.00039 

.00144 

- .00479 
-. 00359 
-.00235 
- . 00110 
.00017 
.00072 
.@J139 
.OM97 
.00258 
.00320 
.00379 
. o o u  

- 
CL 

0.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 

7.7 
7.7 
7.7 
7.7 
7.7 
7.7 
7.7 
7.7 
7.7 
7.7 
T .  7 
1.7 
7.7 
7.7 
1.7 

J.ep 

- 

- 
B 

deg 
-4.0 
-3.0 
-2.0 
-1.0 
0 
.5 

1.0 
1.5 
2.0 
2.5 
3.0 

-3.5 
-3.0 
-2.5 
-2.0 
-1.5 
-1.0 
-.5 
0 
.3  
.5 

1.0 
1.5 
2.0 
2.5 
3.0 

M,, = 4.0 - E 
-0.0178 -. 0138 -. 0091 -. 0048 -. 0004 
.0018 
.0039 
.0061 
.Om5 
-0107 
.0128 -. 01.83 -. 0165 -. 0143 -. 0121 -. 0097 -. 0073 -. 0052 -. 0030 -. 0019 -. 0007 
-0013 
.0036 
.ow30 . 0082 
.0104 

'n - 
3.0021 
.0015 
.oow 
.0004 

- .0002 -. 0005 -. 0007 -. 0010 -. 0014 -. 0016 - .0019 
.0017 
.0016 
.0014 
.ool2 . 0010 . 0009 
.0007 
.0005 
.0004 
.0003 . 0001 -. 0001 .. 0003 .. 0005 -. 0006 

C 2  

-0.00103 - .00078 
-.00055 - .00034 - .00022 

,00001 
.00012 

.00024 

.00035 - .00328 - .00295 
-.00253 

- .00009 

.00013 

-.00207 - .00158 
- .00105 - .00058 
- .00009 

.00017 

.00042 

.00086 

.00134 

.00225 

.00262 

- 
a 

deg 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
7.3 
7.3 
7.3 
7.3 
7.3 
7.3 
7- 3 
7.3 
7.3 
7.3 
7.3 
7.3 

- 

-4.0 
-3.0 
-2.0 
-1.0 
0 
.5 

1.0 
1.5 
2.0 
2.5 
3.0 
3.5 

-4.0 
-3.0 
-2.0 
-1.0 
0 
.3 
.5  

1.0 
1.5 
2.0 
2.5 
3.0 

M- = 5.0 
Y 

E 
-0.0156 -. 0119 -. 0079 -. 0036 

.0006 

.0024 

.0045 

.0068 

.0111 

.0133 

.0151 -. 0319 -. 0282 -. 0242 
-.ma2 -. 0163 -. 0153 -. 0141 
.0154 
.0174 
.0194 
.M15 

.om9 

.0238 

c, 
0.0014 . OOlC 

.0005 
I -. 0005 - .0007 - . 0009 -. 0013 -. 0015 -. 0018 -. OMC -. 0022 
.0053 
.0052 
.0050 
.0048 
.0045 
.0045 
.0044 -. 0046 -. 0047 -. 0048 -. 0049 -. 0050 

Cl 

0.00069 - .00057 
- .00034 - .oool6 
.00001 
.00013 
.00022 
,00037 
.00043 

. 0 0 6  5 
,00077 - .00234 - .00174 - .OOllO 

-.00053 - . oooc6 
.00005 
.00022 
.00057 
.0w84 
. 00112 
.00144 . OOl7E 

.00058 
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TABLE 11.-LATERAL AERODYNAMIC CHARACTERISTICS FOR TRE AIRCRAFT CONFIGURATION - Continued 

c l  

0.00154 -. 00121 
-.00086 
-.00053 
-.00027 

.00007 

.00041 

.00073 

.00111 
-, 00276 -. 002u -. 00147 - .00081 
-, 00013 
.00055 
.00121 
.00189 

.1 

.1 
7.8 
7.8 
7.8 
7.8 
7.8 
7.8 
7.8 

a& dt@: 

0 -3.0 
0 -2.0 
0 -1.0 
0 0 
0 1.0 
0 2.0 
0 3.0 

- 
B 
deg 

-4.0 
-3.0 
-2.0 
-1.0 
0 
1.0 
2.0 
3.0 
4.0 

-3.0 
-2.0 
-1.0 
0 
1.0 
2.0 
3.0 

- 

a =  3.0 
- 
C 
- 
-0.0216 -. 0165 -. 019 
-.0055 -. 0002 
.0054 
.Olog 
.0165 
.0217 

-.0238 -. 0183 -. 0130 -. 0070 
.0043 
.0104 
.oi62 

( e )  Complete Model, 9' Nose, 8% = 0' 

M, = 4.0 M, = 5.0 - 
'n - 
0.0016 
.0013 . 0008 
.0003 

- .0003 -. ooog -. 0014 -. 0019 
-.om3 
.0013 

.0015 

-. 0003 

.0013 

.0015 

-. 0003 

-. 0002 

- 
B 
deg 

-4.0 
-3.0 
-2.0 
-1.0 
0 
1.0 
2.0 
3.0 
4.0 

-4.0 
-3.0 
-2.0 
-1.0 
0 
1.0 
2.0 
3.0 

- 

I - 
C 
- 
-0.0196 -. 0149 
- .0101 -. 0054 -. 0004 
.0&3 
.OW3 
.0141 
.01go -. 0257 -. 0209 -. 0161 - .on1 -. 0059 
.0036 
.Om8 
.0142 

- 
'n 
__. 

0.0017 
.0013 . 0008 
.0003 -. 0002 

- .0007 -. 0012 
- .0017 
-.ow1 
.0014 
.0014 
.0013 
.0012 -. 0004 

-. 0005 

.0015 

. .0005 

- 

C 
2 

-0.0019 
- .00078 - .00042 - .oooi6 
.00018 
.00054 
.00085 



TABLE II.-LATERAL AERODYNAMC CHARACTERISTICS FOR THE AIRCRAFT CONFIGURATION - Continued 
(d) Complete Model, Semi-hemisphere Nose, 8% = 0' 

- 
a: 

de( 
0.1 
.I 
. I  
. I  
.I 
.I 
. I  
. I  
.I 

7.7 
7.: 
7. i 
7.7 
7.1 
7.7 
7. 7 
7.7 
7.7 
7.7 

27.1 
27.1 
27.1 
27.1 
27.1 
27.1 
27.1 
27.1 
34.4 
34.5 
34.5 
34.5 
34.5 
34.5 
34.5 
34.5 
41.7 
41.7 
41.7 
41.7 
41.7 
41.7 
41.7 
41.7 
41.7 
41.7 
41.7 
48.8 
48.8 
48.8 
48.8 
48.8 
48.8 
48.8 
48. 8 - 

Cl 

-0.00125 
-.0095 
-.00068 
-.ooo43 
-.00026 
,00001 
.00024 
.00052 

-.00350 
-.OM79 
-.002c6 
-.00121 
-.00003 
.00089 
,00172 
,00249 

B * 
-4. c 
-3. c 
-2.0 
-1.0 
0 
1. c 
2.0 
3.0 
4.0 

-4.0 
-3. c 
-2.0 
-1.0 
0. 

.5 
1.0 
2.0 
3.0 
3.5 

-4.0 
-3.0 
-2.0 
-1.0 
0. 
1.0 
2.0 
3.0 

-4.0 
-3.0 
-2.0 
-1.0 
0 
1.0 
2.0 
3.0 

-2.0 
-1.5 
-1.0 
-.5 
0 
.2 
.5 
.7 

1.0 
1.2 
1 .5  

-4.0 
-3.0 
-2.0 
-1.0 
0 
1.0 
2.0 
3 . 0  - 

1 

de6 

o 

o 

0 

0 

.I 

. I  

.I 

.I 

.I 
7.: 
7.: 
7.: 
7.: 
7.: 
7.: 

M, = 3.0 

CY 

-0.02M -. 015) 
- . OlOE 
- .005f -. 004 

.004: 

. O W  
,015f 
.02M 

-.0235 
- . o m  
-. 013 
-.oca: 
- .003: -. 0011 
.001: 
.or%: 
. O l l f  
.014: -. 0367 

- .0301 
-.023: -. 016c -. 0083 
- . oow 
.0071 
.014: - .0384 

- .0317 -. 024e - .0184 
-.om4 -. 0002 
.004e 
.0115 

-.0233 
- .0191 -. 0143 -. 0096 
-.005c 
- .ow2 - . 0001 . 0022 

,0044 
.0065 
.OM4 

- .0366 -. 0306 -. 0221 -. 0125 -. 0060 
. om3 
. 0 9 5  
.0180 

0.0020 
,0016 
. 0010 
.0005 

- . oow 
-. 0008 
-. 0014 -. om1 - .0026 
,0013 
.0011 . ooog 
. 00% 
.0005 
.0004 
.0004 . 0002 

0 -. 0002 
.OW4 
.om2 
.0069 
.0054 
.0039 . OW5 
.OO@ 

-.OO% . OW4 
.OW3 
.0&2 
.offi7 
.0041 -. 0016 . 0010 
,0001 
.0066 
.0037 
.0005 -. OM8 -. 0061 -. 0080 

-.OW5 -. 0111 -. 0127 
- .0141 
-.0153 
.0227 
.0184 
.0124 
.005S 
,0005 

-.0173 

-. 0057 - .on1 
- 

-0.00222 
-. 00172 -. 0013c - ,00079 -. 00032 
. 00026 
.00076 
.0012€ 
.00171 -. 00522 

-. 00397 -. OM64 
-_ 00136 
.OOOl8 
.0008c 
.00142 
.OW67 
.00391 
,00452 

-. 00359 -. 00227 - .00079 
.00061 
.mi98 
.003@ 
.oO485 
.00616 

-. 00178 
- ,00313 

-.00033 
.00150 
. 00270 
.00375 
.00543 
,00694 -. oowo 

- .00026 

. OOffi3 
,00015 

. 0097 

.00131 
,00139 
,00155 . 00186 
.om01 

.Om80 

.00303 

.00341 
,00381 
.00446 
.00506 
,00538 . O f f i O l  

. om29 

- 
a: 
- dee 
0.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 

7.6 
7.6 
7.6 
7.6 
7.6 
7.6 
7.6 
7.6 

- 

B 
dee 

-4. ( 
-3. c 
-2. c 
-1. c 
.o 
1. c 
2. c 
3. c 

-4. c 
-3. c 
-2. c 
-1. c 
0 
1. c 
2.c 
3. c 

- 

M, = 4.0 M, = 5.0 - 

CY 

-0.0183 -. 0139 
-.095 -. 0047 -. 0006 
.0&1 
.0w8 
.m33 -. 020.3 -. 0165 
-. 0121 - .0074 -. 0026 
.0w0 
. Offi6 
.0111 

cn - 
0.0023 
,0017 
.0011 
.0005 

- . 0001 -. 0008 -. 0014 -. 0021 
.0018 
.0015 
* 0012 
.0007 
,0003 -. 0001 -. 0005 

- .0008 

& '  a A  

B 

-3.5 
-3.0 
-2.0 
-1.0 
0 
1.0 
2.0 
3.0 
4.0 

-2.8 
-2.0 
-1.0 
0 
1.0 
2.0 

- CY 

-0.013E - .0121 -. 008c 
- .0035 

.OO@ 

.0054 

. 0 9 6  

.OW? 

.017E - .0125 -. 094 -. 0055 -. 0013 

. o w  

.007C 

0.001: 
.0014 . 00% . 0004 -. 000: - .0011 -. 0017 

-. 002; -. 0021 . OOM . 000: . 000: 
-. 000: - .0004 -. 0001 

- 

p-1 

0.001( -. 00% -. ooct - . 000: 
- .0001 
. ooa 
.oool 
,006 . 00% - . OOlC 

-.OO% - . 000: - . oooc . 0004 

_I 
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TABU3 II.-UTERAL AERODYNAMIC CHARACTEXUSTICS FOR TRE AIRCRAFT CONFIGURATION - C o n t i n u e d  
(e) C o m p l e t e  Model, go N o s e ,  0% = 4 5 O  

-3.5 
-3.0 
-2.0 
-1.0 
0 
1.0 
2.0 
3.0 

-4.0 
-3.0 
-2.0 
-1.0 
0 
1.0 
1.5 
2.0 

7. a 
7. a 
7.8 
7. a 
7. a 
7. a 
7. a 
7. a 

-0.0215 

-.0126 
-.0067 
-.0010 
.0047 
.01m 
.0168 
-.0296 
-.a231 
-.0167 
-.0103 
-.0036 

-.0186 

.0031 

. 067  

.0100 

8 deg 
-4.0 
-3.0 
-2.0 
-1.0 
0 
1.0 
2.0 
3.0 

-4.0 
-3.0 
-2.0 
-1.0 
0 
1.0 
2.0 
2.5 

= 3.0 - 
E 
-0.0272 -. 0204 -. 0142 -. 0075 -. 0007 

.0053 

.0122 

.01y2 -. 0307 
-.0244 -. 0182 - . 0118 -. 0057 

.Om5 

. o u y  
- 

- 
& 
0.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 

7.7 
7.7 
7.7 
7.7 
7.7 
7.7 
7.7 
7.7 
- 

M, = 4.0 

-2J-T- 
- 

cn 
0.0030 

.0026 

.oola . ooog 
0 -. ooog - .0019 -. 0026 

.oo1a 

.OW9 

.OW3 

. O O E  

.0006 -. 0001 -. 0004 -. 0007 

-.00026 - .00019 - .00002 . oooc6 . ooooa . 00011 

M, = 5.0 



TABLE II.-LATIWlL AERODYNAP/IIC CHARACTERISTICS FOR THE AIRCRAFT CONFIGURATION - Continued 
(f) Complete Model, 9' Nose, 8% = 90' 

~ 7.7 

7.7 
'1.7 
7.7 
7.7 
7.7 
7.7 
7.7 
7.7 

Mm = 3.0 - 
B de@; 

-4.0 
-3.0 
-2.0 
-1.0 
0 
1.0 
2.0 
3.0 

-4.0 
-3.0 
-2.0 
-1.0 
0 
1.0 
2.0 
3.0 
4.0 

- cz 

.O .00237 - .00179 - . O O l l 9  
-.OOO% 

.00008 

.00073 

.00136 

.00200 
-.00328 
- .00239 - .00154 - .00080 

.00015 

.00105 

.00193 

.00273 

.OO$O 

- 
a& - 
0.1 
.1 
.1 
.1 
.1 
.1 
.1 

7.7 
7.7 
7.7 
7.7 
7.7 
7.7 
7.7 

- 

- 

-3.0 
-2.0 
-1.0 
0 
1.0 
2.0 
3.0 

-3.0 
-2.0 
-1.0 
0 
1.0 
1.8 
2.0 

M = 4.0 m - 

-0.0203 -. 0137 -. 0065 
-0007 
.OW7 
.0150 
.0219 

-.0239 
- .0166 -. OW7 
-.OW3 

.0&7 

.01w 

.0124 

- 
cn __ 

0.0034 
.0022 . 0009 - .0005 -. 0017 -. OM9 

- .0041 
.OM3 
.0015 
.0008 
,0001 -. 0007 -. 0013 

-.0015 

- 

-2.0 
-1.5 
-1.0 
0 

- 5  
1.0 
1 .5  
2.0 

-3.0 
-2.0 
-1.0 
0 
1.0 
2.0 
3.0 

Mm - 
CY - 

-0.0114 -. 0088 -. 0052 
.0007 
.0034 
.0061 . OOg4 
.0125 -. 0258 -. 0176 -. 097 -. 0005 
.0072 

.0241 

.0158 

0 - 
cn 

0.0011 
.0008 . 0002 

-.0006 -_ 0010 -. 0011 
- .0016 -. OM0 

.0033 

.0022 

.0011 - . OOM -. 0012 
-.OM4 -. 0035 

cz 
-0.00049 
- .00038 
- .00020 

.00020 

.00033 

.00048 

.00065 

.00079 - .00114 - .00083 
-.00053 - .00021 

.00004 

.00035 

.00074 
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TABU 11.-LATERAL AERODYNAMIC CHARACTERISTICS FOR THE AIRCRAFT CONFIG'URATION - Concluded 
(g) Complete Model, Ekcept No Vertical  Stabil izers,  9' N o s e ,  6% = 0' 

r , 
i r  

-.0105 -. 0073 -. 0037 
-.0003 
.0032 

.0129 

-.0126 
-.0080 

.0064 

.Ow9 

- . a 2 1  -. 0176 

-.0032 
.0015 
.0061 

.0153 

.0108 

- 
a& - 
0.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 

7.8 
7.8 
7. 8 
7.8 
7.8 
7.7 
7.7 
7.7 
7.7 
- 

-.ooO7 -. 0005 -. 0003 
o 
.oooi 

.ooo8 

.0003 

.0005 

-.0008 -. 0004 
0 
.0003 
.0007 
.0011 
.Om4 
.0017 
.OM1 

- 
a& - 

-4.0 
-3.0 
-2.0 
-1.0 
0 
1.0 
2.0 
3.0 
4.0 

-4.0 
-3.0 
-2.0 
-1.0 
0 
1.0 
2.0 
3.0 
4.0 

M, = 3.0 

-0.0126 0.0009 

C l  

-0.00116 -. 00082 -. 00040 -. 00004 - .00002 -. 00004 -. 00004 -. 00003 
- . 00002 -. 00390 -. 00271 -. 00138 

.00111 . OM32 

.00345 

.00458 

-. 00031 

-00570 

- 
a& 
__. 

-4.0 
-3.0 
-2.0 
-1.0 
0 
1.0 
2.0 
3.0 
4.0 

M = 4.0 m - 

.o. 0126 

-. 0032 -. 0005 
.0023 
.0053 
.ON3 
.0115 

-. 0094 -. 0063 

0.0006 -. 0005 -. 0003 
-.OOM 
0 . 0002 
.0003 
.0004 
.oo& 

C l  

0.00079 -. 00051 
-.00025 
.00001 
.00024 
.00046 

.00094 

.00070 

.00118 

- 
a 
.eg 

0.1 
0 
0 
0 
0 
0 
0 
0 
0 
7.3 
7.3 
7.3 
7.3 
7.3 
7.3 
7.3 

- 

- 

M- = 5.0 

2.0 .0062 
3.0 1 .01& 

1 

0.0013 -. 0011 -. 0010 -. 0008 -. 0006 -. 0003 - . 0001 . 0001 
.0003 . 0001 

-.0002 -. 0004 
.0002 

.0007 - 0011 

.0005 

Cl 

0.00086 -. 00063 
-.00041 -. 00005 
.00016 
.00039 
.00060 
.00082 
.00107 
.00028 -. 00043 -. OOOg3 
.00055 . 00101 
.00148 
.0m98 



w 
0 

‘L 

-0.049 

-.038 

-.027 
-.022 
-.017 
-.010 
-.004 

,002 
.008 
.015 
.ai 
.a8 
,036 
.043 
.053 
.061 
.066 
.Or3 
.080 
.088 
.og7 
.lo4 
.111 
.118 
.1W 
.113 
. u o  
. E 6  
.132 
.139 
.144 
.I49 
.154 
.161 

.I69 

.176 

.180 

.183 

.187 

.I@ 

.193 

.198 

.201 

-.044 

-.033 

.166 

TABLE III.-LONGITUDTNAL AERODYNAMTC CHAFWJTERISTICS FOR THE ENTRY CONFIGURATIOPJ 

‘D 

0.039 

,037 
.034 
.034 
.034 
.033 
.034 
.033 
.034 
.035 
.036 
.034 
.039 
.Ob 
.a4 
.049 
,051 
.055 
.058 
.063 
,067 
.or2 
.W7 
.a33 
.086 
.cgi 
.cg6 
.lo2 
.io8 
.114 
.EO 
.127 
.134 
,144 

.159 

.167 

.174 

.186 

.194 

.2@2 

.2l2 

.218 

.228 

.038 

,036 

.is1 

I M, = 5.0 I M, = 4.0 I M, 3.0 I 
LID 

-1.23 
-1.15 
-1.03 
-.92 
-.79 
-.65 
-.50 
-.30 
-.13 
.05 
.24 
.43 
.59 
.?6 
.91 
1.03 
1.19 
1.26 
1.29 
1.33 
1.37 
1.40 

1.44 
1.44 

1.23 
1.25 
1.25 
1.24 
1.23 
1.21 
1.20 
1. I.? 
1.15 
1.12 
1.10 
1.07 
1.06 
1.03 
.99 
.96 
.94 
.9l 

1.43 

1.43 

a: 
de g 
-4.1 
-3.1 
-2.0 
-1.0 
0 
1.0 
2.0 
3.1 
4.1 
5.1 
6.1 
7.1 
8.2 
9.2 
10.2 
11.2 
l2.3 
13.3 
14.3 
15.4 
16.4 
17.4 
18.5 
19.5 
20.5 
21.6 
22.2 
23.2 
24.3 
25.3 
26.3 
27.3 
28.3 
29- 3 
30.4 
31.4 
32.4 
33.4 
34.4 
35.5 
36.5 
37.5 
38.5 
39.5 
40.5 
41.6 
42.6 
43.6 
44.6 

a: 
deg 
-3.3 
-3.1 
-2.0 

0 
-1.0 

1.0 
2.0 
3.6 
4.1 
5.1 
6.1 
7.2 
8.2 
9.2 

10.0 
11.3 
12.3 
13.3 
14.4 
15.4 
16.4 

18.5 

21.6 
19.5 
20.6 

22.1 

30.4 
31.4 
32.4 
33.5 
34.5 
35.5 
36.5 
37.5 
38.6 
39.6 

LID 

-0.98 
-.96 
-.84 
-.73 
-.57 
-.43 
-.28 
.03 
.13 
.29 
.45 
.6r 
.75 
.88 
.97 
1.13 
1.21 
1.27 
1.30 
1.34 
1.36 

1.43 
1.42 
1.41 
1.39 
1.38 

1.07 
1.05 

1.00 
1.03 

.99 

.96 

.94 

.94 

.92 

.89 

.87 

.84 

‘m 

0. a31 
. a24 
.0215 
.mag 
.a03 
.0199 
.0195 
.0187 
,0181 
.0173 . os7 
.0162 
.a58 
.0152 

.0138 

.0138 

.0138 

.0136 . Ol29 

.0123 

. O K 6  . 01a 

. Ow8 

.Om5 
,0100 
. ow6 
. o m  
.Om4 
.0081 
,0080 
. OW2 
.0070 
.0#8 

.0145 

Cf CL CD 
deg 

-2.0 -0.018 0.028 
-1.0 -.014 .027 
0 -.010 .027 
1.0 - . o s  .027 

4.5 .008 .027 
5.5 .012 .a8 
6.1 .014 .w8 
7.1 .018 .m9 
8.1 .w2 .030 
9.1 .M7 .032 

22.1 .ogl .or4 
23.1 .og6 .Or8 
24.1 .lo1 .083 
25.1 .lo6 .088 
26.1 .iio .og5 
27.1 ,114 .lo0 
28.1 .118 .io6 

- 29.2 . u 6  .115 

32.2 .138 .133 

34.2 .144 .148 
35.2 .148 .156 
36.2 ,155 .161 
37.2 .158 .169 
38.2 .161 .178 
39.2 .164 .186 
40.3 ,166 .193 
41.3 .168 .20;! 

30.2 .130 .123 
31.2 ,134 .126 

33.2 ,142 .139 
.0044 . 0040 
.0035 . OD23 
.OW9 
.0@1 -. 0018 - .0036 -. 0034 
-. 0044 

c, 

0.0104 
.Ow7 
.oq2 
.om9 

.0075 

.0074 

.OW5 

.0075 

.eon 

.0072 

.0&9 

.0051 

.0058 

,0059 
.0044 

.0053 

.0055 

.QO52 

.0051 

.0048 

.0046 

.0037 

-.ooog 
-.ooog 
-.ooo7 
-.0013 

.ooo3 
-.OoCe 

LID 

-0.64 
-.52 
-.38 
-.23 

.31 

.44 

.50 

.61 

.73 

.85 

1.24 

1.20 
1.16 

1.22 
1.22 

1.14 
1.12 
1.9 
1.06 
1.06 
1.04 
1.a 
.98 
-95 
.97 
.94 
.91 
.88 

.83 

.86 

-0.030 

-.025 
-.029 

-.@I 
-.015 
-.012 
-.oar 
.001 
.003 
.008 
.013 
.018 
.@3 
.a9 
.033 
.042 
.048 
,053 
.059 
.065 
,071 

0.031 0.0154 

.029 .0143 

.03i .0151 

.a8 .0136 

.02? . 0 ~ 6  

.027 .ox21 

.a? .0116 

.027 .0106 

.@7 .Ol& 

.M8 .Ow9 

.029 .Ow5 

.030 .091 

.031 .OM9 

.033 .om8 

.034 .0085 

.037 .Om4 

.040 .0083 

.Ob2 .0082 
,045 ,0087 
.048 ,0085 
.OS2 .Om5 

.088 

.og9 

.lo8 

.og3 
,105 

.129 

.IF 

.136 

.140 

.144 

.147 

.151 

.160 

.163 

.165 

.168 

.062 .0059 

.Or1 .0057 

.Or8 .0&6 

.066 .005? 

,076 .0057 

,320 
.126 
.133 
.139 
.I46 
.153 
.160 
.170 .0069 
.178 ,0064 
.185 
.194 .0051 
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TABLE III.-LONGITUDTNAL AERODYNAMIC C U C T E R I S T I C S  FOR THE ENTEY CONFIGURATION - C o n c l u d e d  

M, = 1.10 I M, = 1.30 I M, = 1.00 1 
-4.3 -.I22 .GO1 ,0496 -2.03 -4.2 -.E4 .0686 ,0561 -1.81 -4.2 
-2.2 -. 104 .0529 .Oh61 -1.97 -2.2 -. 108 .0616 

-.I12 ,0689 
.0525 -1.74 -2.2 -. 097 .0623 ' 

-.1 ..o% ! -0454 .0417 d.88 -.1 - .@3 . o m  .oijai -1.67 -.J. -.o83 .0570 
1.9 -.066 .0389 ,0371 -1.70 1.9 -.076 .0503 .0470 -1.51 2.0 -.067 .0528 
4.0 -.047, ,0337 .0332 -1.40 4.0 -.060 ,0459 .0444 -1.30 4.0 -.052 .Ob92 
6.1 -.@9 .0313 $0311 -.94 6.1 -.a2 .Ob29 .@12 -.97 6.1 -.037 .0468 
8t1 -.OX .0301 ,0304 -.41 8.1 ~ -.W5 .0413 .Ob07 -.60 8.2 -.MO .0459 

1 ! 

. . . .  . 

. . .  , .. .. . - . . . . . I . . . .-.. .. . . . . . . .. . . . .. . '. . ~ .  . . . 



w 
Iu 

B 
aeg 

-4.0 
-3.0 
-2.0 
-1.0 
0 
1.0 
2.0 
3.0 
4.0 

-4.0 
-3..0 
-2.0 
-1.0 
0 
1.0 
2.0 
3.0 
4.0 

-4.0 
-3.0 
-2.0 

0 
-1.0 

.5 
1.0 
1.5 
2.0 
2.5 

-4.0 
-3.0 
-2.0 
-1.0 
0 
.5 
1.0 
1.5 
2.0 
2.5 
3.0 

3.0 

TABLE N.-LATEEAL AERODYNAMIC C m C m R I S T I C S  FOR THE ENTRY COMFIGURATION 

M, = 3.0 

C 
Y 

-0.0221 
-.0165 
-.Olog 
-.0054 
- .0001 
.0053 
.0104 
.0159 
.0218 

-.@OB 
-.0157 
-.om6 
-.0053 
- .0005 
.0043 
.0@4 
.0148 
.0202 

-.0201 
-.a52 
-.om3 
-.0054 
- .0005 
.0018 
.0043 
.0067 
.0091 
.0116 

-.0216 
-.0162 
-.a17 
-.0069 - ,0017 
.om7 
.0031 
.0056 
.0078 
.0100 
.ou3 

.0142 

- 
a 

deg 

0 
0 
0 
0 
0 
0 
0 
0 
0 

7.1 
7.1 
7.1. 
7.1 
7.1 
7.1 
7.1 
7.1 
7.1 

14.3 
14.3 
14.3 
14.3 
14.3 
14.3 
14.3 
14.3 
14.3 
14.3 
14.3 
21.6 

- 

21.5 
21.5 
21.5 
21.5 
21.5 
21.5 
21.5 
21.5 
21.5 
21.5 

d& 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
7.1 
7.1 
7.1 
7.1 
7.1 
7.1 
7 . 1  
7.1 
7.1 
7.1 

&g 

-2.5 
-2.0 
-1.5 
-1.0 
-.5 
0 
.5 
1.0 
1.5 
2.0 
-2.5 
-2.0 
-1.5 
-1.0 
-.5 
o 
.5 
1.0 
1.5 
2.0 

3.0007 
,0005 
.0003 
. 0002 
.0001 

-. 0001 
- .0002 
- .0003 
- .0005 
.0001 
.mol 
.0001 
.0001 
.0002 
.0003 
.0004 
.0003 
.0004 

-. ooog 
- .0007 
- .0005 - .0004 
3 
.0001 
.0003 
.0004 
.0005 
.OO& 
.0007 

- .0014 
- .0011 -. 0006 
-. OD02 
.0003 
.0006 
.0008 
.0010 
. O O E  
.0014 
.0016 

-0.00010 
0 
-.00218 
-.00131 
-.OOogl 
.00175 
.00167 
.00183 

- .00143 
-.00011 
-.ooo08 
-.00006 
-.00005 

.00003 

.00007 

-.00004 
0 

.00004 

-.00020 
-.00017 
-.00013 
-. OOOog 
.00001 

0 
0 

.00006 
,00007 
.00008 
.00010 
,00001 
.00013 
.oooio 
.oo010 
.00016 
.00015 
.00017 
.ooo29 

.00026 

.o002a 

.00024 

a 
aeg 

0 
0 
o 
0 
0 
0 
0 

7.2 
7.2 
7.2 
7.2 
7.2 
7.2 
7.2 
7.2 

14.4 
14.4 
14.4 
14.4 
14.4 
14.4 
14.4 
14.4 
14.4 
14.4 

21.6 
21.6 
21.6 
21.6 
21.6 
21,6 
21.6 
21.6 

M, = 4.0 

-0.0095 
- .0074 
.0051 
.OW9 

-.0008 
.0010 
.OM9 
.0050 

,0096 

-.0058 

- .0003 
.ooig 
.0041 
.0059 
.om0 

.0071 

-.0@7 
-.ooao 
-.0040 
-.0020 

-3.0 
-2.0 
-1.0 
0 
.3 
.5 
1.0 

0 
- .0003 
-.0005 
-.0007 
-.0008 
-.0008 
-.0010 
-.om2 
-.0013 
-.ooi8 
.0001 

o 

- .oooi 
- .om3 
-.0004 
-.0005 
-.0006 

.o001 

0 
0 

-4.0 
-3.0 
-2.0 
-1.0 
0 
1.0 
2.0 
2.5 

-0.0132 
-.0087 
-.0042 
-.0002 
.0008 
.0022 
.0042 

-2.5 
-2.0 
-1.5 
-1.0 
-. 5 
0 
.5 
1.0 
1 .5  
2.0 

o. 0007 
,0004 
.0001 
-.0001 
-.0001 
-.0002 
-.0004 

-.0197 
-.0154 
-.0112 
-.0069 
-.ow9 
.oom 
.0072 
.0051 

- .0114 
-.Ow4 - .0071 
-.oo49 
-.0028 
-.ooog 
.0016 
.0035 
.0056 
.0079 

.OW9 

.O@9 

.0028 

.0@6 

.ow5 

.ow7 

,0025 
.0026 

- .0001 
-.0001 
- .oooi 
0 
0 

0 

0 

.0001 

0 

.0001 

- .0003 

-o.00005 
-. 00004 
- .00003 
-. oooog 
- .00008 
- .00006 

-. 00013 
-. 00015 
- .00012 
- . oooog - .00007 
-. 00010 
- .00006 
- .00004 

- . ooooa 

- .oo015 
- .00013 
- .00014 
- .00011 
- .00011 
- .00012 
- ,00004 - .00004 - . oooo4 
0 

- .00009 - . oooog 
- . oooog - . 00002 
- .00002 
- .00001 
- .00001 
- .00001 

M, = 5.0 

T--pT 
).00007 
.00007 
.00007 
.oooo7 
.00007 
.00007 
.00007 
.00007 
.00007 
.00007 
. .00005 
. .00005 
. .00003 
. .00003 
. .00003 
1 
) 

- .00001 
. .00001 
.00001 

- 
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TABLE IV.-LATERAL AERODYNAMIC C H A R A C m S T I C S  FOR THE ENTRY CONFIGURATION - C o n c l u d e d  

- 
a& 

2 6 . 3  
26 .3  
2 6 . 3  
26 .3  
2 6 . 3  
26 .3  
26 .3  
26.3 
2 6 . 3  

33.4 
33.4 
33.4 
33.4 
33.4 
33 .4  
33.4 
33.4 
33.4 

40.6 
40.5 
40 .5  
40.5 
40.5 
40.5 
40 .5  
40.5 
40.5 

47.6 
47.6 
47.6 
47.6 
47.6 
47.6 
47.6 
47 .6  

47 .6  

).00059 
,00066 

.00055 

.00074 

.00078 

,00063 

.00072 

.00076 

.00083 

,00062 

.00076 

.00076 

.00051 

.00086 

,00088 
.00068 

.00060 

.00071 

.00074 

.00079 

.00079 

.00083 

.00084 

.00070 

.000%8 

.00087 

.00073 

.00081 

- 

-4 .0  
- 3 . 0  
-2.0 
-1.0 
0 
1 . 0  
2.0 
3 . 0  
4 . 0  

-4 .0  

-2.0 
-1.0 
0 
1 . 0  
2.0 
3 . 0  
4 . 0  

- 3 . 0  

-4 .0  

-2.0 
-1.0 
0 
1 . 0  
2 .0  
3 . 0  
4 . 0  

-4 .0  
-3 .0  
-2.0 
-1.0 
0 
1 . 0  
2.0 
3 . 0  
4 . 0  

-3 .0  

- 

2 6 . 1  
26.1 
2 6 . 1  
2 6 . 1  
2 6 . 1  
2 6 . 1  
2 6 . 1  
26 .1  
26 .1  
2 6 . 1  

33.2 

33.2 

33.2 

33.2 

40.3 

40.3 
40.3 
40.3 
40.3 

33.2 
33.2 

33.2 

33.2 

33.2 

33.2 

40.3 

40.3 
40.3 

= 3 . 0  

cy 
-0.0250 

- .0136 
- .0079 
-. 0022 

.0037 

.OW7 

.0160 

.0212 

- .0289 

- .0163 

-. 0194 

-. 0228 

-. 0093 
-. 0014 

.0042 

.on0 

.0175 

.0244 

- .0299 

- .0168 
- .0102 
-. 0035 

- .oz32 

.0036 

.0171 

- .0321 
-. 0256 

-. 0105 

.0039 

.0114 

.0192 

.0262 

.0104 

.0243 

-. 0180 

- .OW6 

‘n 

1.0017 
.0017 
.001 j 
.0014 
.0016 
.0016 
.0016 
.0014 
.0015 

.0017 

.0016 

.0016 

.0013 

.0007 

.0014 

.0012 

.0013 

. 0010 

.001.8 

.0019 

.0020 

.ow0 

.0019 

.0017 

.0016 

.0027 

.0017 

.0018 

. 0026 

.OW5 

.0021 

. 0010 

.ow0 
,0017 
.0015 
.0012 

‘2 

0.00028 
- .00013 
- .00004 
. 00011 
.00012 
. 0002 j 
.00035 
.00047 
.00059 

-. 00001 
- .00001 

.00013 

.00015 

.00030 

.00056 

- . 0000% 
.00002 
.00017 
.00030 

.00069 

.000%6 

.00Og9 
-. 00020 
- ,00005 

.00013 

.00015 

.00060 

.00070 

.00089 

.00014 

.00037 

.00053 

,00048 
.00055 

,00037 
.00058 

- a: 
.eg - 

i3.4 
13.4 
13.4 
i3.4 
i3.4 
13.4 
13.4 
8 . 4  
;3.4 

10.6 
-0.6 
.o. 6 
.o. 6 
-0.6 
-0.6 
-0 .6  
.O. 6 
.0. 6 
-7.7 
-7 .7  
-7.7 
.7 .7  
- 7 - 7  
- 7 . 7  
-7.7 
-7.7 
-7.7 
.7.7 

- 4 

- 3 . 0  
-2.0 
-1.0 
0 

. 5  

.8 
1 .0  
1 . 5  
2 .0  

- 4 . 0  

.2.0 

.1.0 
0 
1 .0  
1 . 5  
1.8 
2.0 
.2.5 
-2.0 
.1.5 
.1.0 
-. 5 
0 

. 3  

. 5  

.8 
1.5 

- 3 . 0  

M, = 4 . 0  M, = 5 . 0  

E 

-0.0197 
- . 0 1 @  
-. oc92 
- .0032 
-. 0002 
.0011 
.0024 
.0048 
.0075 

-. 0252 
-. 0200 
-. 0143 
-. OOgO 
-. 0035 

.0019 

.0058 

.0072 
- .0178 
-. 0152 
- .o i l8  

- .0068 
- .0028 
- .0015 
. 0002 

.0047 

-. 0095 

- .0041 

‘n 

I. 0017 
.0017 

.0013 

.0015 

.0009 

.0009 

. ooog 

.0008 

.0008 

.0015 

.0014 

.0014 

.0012 

.0011 

.oooj 

.0007 

.0005 

.0004 

.0017 

.0017 

.0011 

.0016 

.0016 

.0014 

.0015 

.0014 

.0012 . 0010 

- 
.& 
- 4 . 0  
-3 .0  
-2.0 
-1.0 
0 
1 .0  
1 . 5  
2 .0  
2 . 5  
2 . 8  

-4 .0  

-2.0 
-1.0 
0 

.5 
1 .0  
1 . 5  
2.0 
2 . 5  

-4 .0  
-3 .0  

-3 .0  

-2.0 
-1.0 
0 

. 5  
1 .0  
2.0 

E 
-0.0213 
- .o162 
- .01l2 
- .0059 
- . 0001 

* 0057 
.0092 
.oil9 

.0161 

- .0129 
-. 0069 
-. 0010 
.0020 
* 0053 
.0083 
. o i l 6  
.0187 

- .0191 
- .0128 
-. 0068 
.0002 
.0035 
.0065 
.0128 

.0144 

-. 0239 
- .O185 

- .0249 

‘n 

0 
- .0003 
-. 0002 
- .0005 
-. 0006 
- . 0010 - .0016 
- .0018 
-. 0018 
- .0023 

.0006 

.0003 

.0003 
- . 0001 
-. 0006 
- .0007 
- .0011 
-. 0012 
- .0018 

0 

- .0008 
-. 0010 
-. 0020 

- .0029 

- .0003 

- .0025 
-. 0025 
- .0030 

5 
,O. 00041 

- .00018 
- .00036 

- .00017 
- .00015 
- .00015 - .00012 
-. 00018 
- . OOOM 
- . OOOM 
- .00031 
-. 00024 
- . oooc6 

,00008 
.00011 
.00010 
.00013 
.00020 
.00023 

-. 00051 
- .00044 
-. 00054 
- .00061 
- ,00026 
- .00034 
-. 00024 

W 
W 



TABLE V.-LONGITUDINAL m O D y N A M I C  C.€I-&RACTERISTICS FOR TRE WING UNFOLDING PROCESS 
(a) Complete Model, Semi-hemisphere Nose, 8, = 30' 

- 
a& - 

-4.0 
-3.0 
-1.9 -. 8 

.2 
1 .3  
2.4 
3.4 
4.5 
5.6 
6.6 
7 .7  
8.7 
9.8 
10.8 
11.9 
22.7 
23.7 
24.8 
25.8 
26.8 
27.9 
28.9 
30.0 
31.0 
32.0 
33.1 
34.1 
35.1 
36.1 
37.2 
38.2 
39.2 
40.3 
41.3 
42.3 
43.3 
44.3 
45.4 
46.4 
47.4 
48.4 
49.4 
50.5 
51.5 
52.5 

0 M, = 4.0 - M = 5.0 m M, = - 
cD - 

3.022 
.M2 
. M3 
.M4 
.@7 
.030 
.034 
.037 
.Ob2 
.046 
.052 
.060 
.@7 
.075 
.083 
. og2 
.062 
.070 
.079 
.081 
.083 
.086 
. ogl . ogl . og7 
.lo1 
. lo5 
,112 
,120 
,325 
.130 
,136 
,137 
,147 
.I57 

.176 

.187 

.198 
,227 
.e40 
,256 
.271 
,. 286 
.313 
.330 

.168 

- 
cL - 

0. ow 
.022 
.035 
.047 
.059 
.072 
.083 
.0g5 
.107 
.117 
. E 7  
.138 
.148 
.158 

- 

d D  

-0.60 -4.0 

1.41 -1.9 

2.74 .2  
3.13 1 .3  
3.30 2.3 

.51 -2.9 

2.20 -.8 

3.46 3.4 
3.48 3.9 
3.48 4.5 
3.38 5.5 
3.24 6.6 
3.10 7.6 
2.97 8.2 
2.85 8.7 
2.71 9.7 
5.04 10.8 
4.64 
4.27 
4.31 
4.35 
4.31 
4.23 
4.45 
4.32 
4.28 
4.22 
4.07 
3.89 
3.86 
3.79 
3.71 
3.67 
3.54 
3.49 
3.38 
3.31 
3.25 
3.16 
2.71 
2.62 
2.56 
2.47 
2.39 
2.43 
2.30 

CL - 
-0.013 
.011 
.032 
.053 
.073 
.og4 
.111 
.130 
.I46 
.162 
.177 
.194 
.209 
.223 
.236 
.249 
.315 
.327 
.336 
.350 
.3Q 
.372 
.385 
.406 
.419 
.433 
.444 
.456 
.466 
.481 
.493 

. .505 
.502 
.520 
.548 
.569 
.584 
.608 
.627 
.616 
.630 
.658 
.673 
.685 
.760 
.761 - 

- 0 1  
I deg 

-3.0 
-2.0 -. 9 
.I 

1.1 
2.1 
3.2 
4.2 
5.2 
6.2 
7.2 
8.3 
9.3 

10.3 

- cm - 
0.0037 . O O M  
- .0017 
-. 0040 

-. 0085 
- .0105 
- . o n 5  

- .0182 
- .0189 

-. Mog 
-.0207 
.0050 
.0054 
.0147 
.0134 
.0137 
.0141 
.0149 
.0041 
.0055 
.0056 
.0068 
.0060 
.0032 
. 0 ~ 9  
.0050 
.0035 
.0362 
.0240 -. 0165 

-. 0053 
- .0075 

-. 0145 -. 0157 

-. 0195 

- .O362 
- .Oh91 
-. 0772 
-. 0959 -. 0932 - .lo74 
-.1490 
-. 1656 
- .1791 
-.2654 
-.26O5 

cD - 
1.018 
.019 
.020 
.022 
.M4 
.@7 
.030 
.032 
.036 
.041 
.0h6 
.051 
.057 
.063 

cm 
0.0014 . 0001 -. 0012 
- .0030 
- .0044 -. 0052 -. 0061 
-. 0 9 0  -. 0108 
- . o n 8  -. 0120 
- .0128 - .0142 
-. 0151 

-0.005 
.011 
.02& 
.04j 
.b58 
.072 
.085 . oge 
.lo6 
.113 
.125 
.137 
.14& 
.I55 

.I73 

.184 

.161 

0.018 
.018 
.019 . 020 
.M2 
.024 
.027 
.030 
.031 
.034 

.Ob3 

.048 

.051 

.OS4 

.061 

.068 

.038 

0.0034 
.0012 

- . o o a  -. 0028 
-. 0047 -. 0064 
- .0074 
- .Om5 -. 0106 -. 0114 -. 0x27 -. 0135 
- .0142 
- .0149 -. 0153 
- . O S 6  -. 0154 

-0.28 
.62 

1.50 
2.18 
2.70 
3.00 
3.16 
3.26 
3.35 
3.35 
3.27 
3.16 
3.07 
3.01 
2.95 

2.71 
2.83 

0.51 
1.14 
1.73 
2.19 
2.50 
2.71 
2.82 
2.95 
2.93 
2.87 
2.79 
2.71 

2.53 
2.62 

, .. 
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TABLE V.-LONGITUDINAL AERODYNMC CHARACTERISTICS FOR THE WING UNFOLTIING PROCESS - Continued 
(a) Complete Model, Semi-hemisphere Nose, 0, = 30' - Concluded 

-4.1 -.037 
-1.7 .Oh9 

.6 .1?1 

M, = 0.60 i%, = 0.80 

. O P T  .O169 -1.16 

.0317 .0101 1.55 

. o v 8  .0014 7.47 

_ _  
4.6 .249 .Ob52 . M33 ? . S i  4.9 .266 .Oh80 .0229 5.55 

9.0 .408 .0945 .0291 4.32 9.5 .428 .lo36 .0318 4.13 
6.8 .332 .0672 . ~ 6 9  4.94 7.2 .355 . o m  .w64 4.81 

* 
I M, = 1.00 I M, = 1.10 

-.lo6 .0316 .Ob57 -3.35 -4.1 -.083 
-.016 1 .02841 .0426 I -.55 1 -L! I .010 

.082 .0315 .0384 2.61 . lo4 

.190 .0441 . a 9 3  4.30 .Po9 

.301 .&58 .oi58 4.57 
,3571 I .0339 I 4.23 I I :% 
.377 .Ob60 4.90 .359 

.0331 

.0312 

.0360 

.Oh95 
.0715 

.0404 

.0341 

.0261 

.0154 

.0083 

.0367 

.0389 

-2.51 
.32 

2.87 
4.22 
4.27 
4.29 
4.55 

i%, = 0.90 

M, = 1.30 I 

5.3 .292 .0711 -.0066 4.lC 
7.6 I . 3 ~ )  
9.8 .333 .0346 4.22 

I .0250 1 3.76 I 
1 I I I 



w 
rn 

0.021 
.022 
,023 
.025 
.026 
.028 
,031 

TABLE V.-LONGITUDINfi AERODYNAMIC CHARACmFUSTICS FOR TRE W I N G  

-.0031 
-.0038 
-.0042 
-.0047 
-.0048 
- . o m  
-.0051 

UNFOLDING PROCESS - Continued 

.077 

.080 

.085 

.087 

.094 
,215 
.222 
.227 
,233 
,238 
,242 
.244 
,247 
.251 
.253 
.263 
.269 
,271 
.275 
.278 
,282 
,286 
.e91 

.292 

.289 

.295 

.295 

.298 
,299 
.302 
,304 
.316 
.317 
,319 
.322 
,322 
.324 
.325 

(b) Complete Model, Semi-hemisphere Nose, 8, = 60' 

,050 
.054 
,058 
,060 
.066 
.164 
.172 
.182 
.l9l 

.206 

.211 

.216 

,227 
.245 
.257 
.266 
.279 
.290 
.303 

,200 

,222 

.3@ 

.312 

.=o 

.314 

.324 

.331 

.340 
,345 
.344 
.347 
,359 
.364 
,368 
.374 
.380 
.3% 
.389 

- 
a 
deg 

-3.9 
-2.9 
-1.8 
-.8 

.2 
1.3 
2.3 
3.3 
4.4 
5.4 
6.4 
7.4 
8.4 
9.5 
10.5 
11.5 
22.4 
23.4 
24.5 
25.5 
26.5 
27.0 
27.5 
28.0 
28.5 
29.0 
29.6 
30.6 
31.6 
32.6 
33.7 
34.7 
35.7 
36.7 
37.7 
38.7 
39.8 
40.8 
41.8 
42.8 
43.8 
44.9 
45.9 
46.9 
47.9 
48.9 
50.0 

52.0 
51.0 
- 

,133 
.i42 
,151 
.160 
,166 
,171 
,177 
.182 
.188 

.e15 

.227 

,193 
.204 

,239 
,252 
,266 
.271 
,260 
.272 
.286 
.299 
,311 
,320 
.326 
.333 
,336 

M, = 3.0 

-.005? 
-. 0049 
-.0056 
-.0066 
-.0068 
-.O065 
-.0081 
-.0076 
-.om9 

-.oil8 
-.0122 

-.0070 
-.0132 

-.0130 
-.O& 
-.0164 
-.0157 
-.0195 
-.MOO 
-.0196 
-.CY202 
-.0208 
-.cy220 
-.0216 
-.@30 
-.0224 

,105 .Ob3 
,069 1 .Ob5 
.074 ,048 

G 
-0.0028 
- ,0034 -. 0043 
- .0047 
- ,0055 
- ,0058 
-. 0055 
.0196 
.0215 
. 0252 
.0270 
.0291 
.0306 
.0334 

-. 0051 

-. 0055 

- .0038 
-. 0050 
-. 0043 
- .0052 
- .0049 

-. 0055 
-. 067 
-. 0064 

-. 0060 
- ,0051 

- .0071 
- .0076 
- .0071 
-.0063 
- .0074 
- .0077 
- .0071 -. 0106 
.0015 

-.OW3 
- . 00% 
- .0077 
-.OW3 - .0071 -. 0041 
- .0023 
- .0068 
- .0048 
-. 0053 -. 0048 -. 0052 
- .0033 -. 0028 

LID 
- 
0.83 

1.62 

2.18 

1.25 

2.32 
2.41 
2.42 
2.43 
1.54 
1.55 
1.52 
1.48 
1.46 
1.45 
1.41 
1.31 
1.28 
1.25 
1.22 
1.18 
1.17 
1.15 
1.14 
1.12 
1.11 
1.07 
1.04 
1.01 
.98 
.95 
.93 
.92 
.93 
.92 
.91 
.91 
.89 
.87 
.86 
.87 
.87 
.88 
.87 
.86 
.86 
.84 
.83 
.E3 - 

a 
de g 

-3.9 
-2.9 
-1.8 
-.E 
.2 
1.3 
2.3 
3.3 
4.3 
5.3 
6.4 
7.4 
8.4 
9.4 
10.5 

- 
cL 

0.023 
.032 
.Ob1 
.Ob9 
.056 
.064 
.071 
.077 
.048 
.Os1 
.054 
.057 
.06c 
.63 
.066 

M, = 4.0 

1.9 
1.44 
1.76 
1.97 
2.14 
2.23 
2.29 
2.32 
1.39 
1.4C 
1.4C 
1.4C 
1.38 
1.37 
1.35 

- 

-4.0 
-3.0 
-1.9 
-.9 
.1 
1.1 
2.1 
3.1 
3.6 
4.1 
5.2 
6.2 
7.2 
8.2 
9.2 
9.7 
10.2 
22.2 
23.2 
24.2 
25.2 
26.2 
26.7 
27.2 
27.7 
28.2 
28.7 
29.2 
30.3 
31.3 
32.3 
33.3 
34.3 
35.3 
35.8 
36.3 
37.3 
38.3 
39.3 
40.4 
40.9 
41.4 
41.9 
42.1 

cL 

0.020 
.028 
.036 
,043 
,050 
.056 
.062 
.67 
,070 
.075 
.080 
.086 
. W O  . 9 5  
.101 
.104 
.107 
.165 
.170 
.175 
,181 
,187 
.191 
,193 
.197 
.20c 
,203 
,205 
.213 
,217 
,222 
.226 
,231 

.237 

.2 38 

.241 
,243 
.245 
.247 
.247 
,249 
.249 

,236 

.236 

M, = 5.0 

-. 0050 
-.0052 

,017 -.0050 

-. 0036 
-.0039 

,057 -.0038 

0.93 
1.24 
1.53 
1.72 
1.88 
1.97 
2.01 
2.03 

2.05 
2. G2 
2.00 
1.98 
1.94 
1.91 

2.03 

1.89 
1.87 
1.31 
1.27 
1.23 

1.17 
1.15 
1.13 
1.11 
1. og 
1.08 
1.06 
1.04 
1.00 
.97 
.94 
.91 
.88 
.87 
.90 
.87 
.84 
.81 
.78 
.77 
.75 
.74 
.74 

1.19 

a "  
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TABLE V.-LONGITUDINAL! AERODYNAMIC CHARACTEBISTICS FOR THE WING UNFOLDING PROCESS - Continued 
(b) Complete Model, Semi-hemisphere Nose, 6, = 60° - Concluded 

M, = 0.60 

'L 'm L / ~  

-3.9 0.022 0.0199 0.0057 1 .W 
-1.8 .076 .0241 .0076 3.16 
.3 .128 . O W  .0101 4.00 
2.4 .180 .0436 ,0136 4.12 
4.5 .232 .0589 .0163 3.93 

8.8 .322 .W77 .0265 3.29 
6.7 .277 .0768 .0209 3.61 

M, = 0.90 M, = 0.80 
u 

dzg CL CD Cm L/D gg cL cD cm L/D 

-3.9 0.022 0.0201 0.0069 1 .W -3.9 * 0.019 0.0218 0.0085 0.85 
-1.7 .080 .0252 .0078 3.17 -1.7 .077 .0266 .0091 2.89 
.5 .135 .0340 .0101 3.97 .5 .139 .0360 .OW1 3.84 
2.7 .l90 .Ob63 .0131 4.10 2.8 .194 .0490 .0121 3.96 
4.8 .242 .0628 .0157 3.85 5.0 .251 .0667 .0142 3.77 

9.2 .331 .lo41 .0249 3.18 9.3 .326 .lo75 .0266 3.03 
7.0 .293 .0833 .0196 3.52 7.2 .300 .0878 .0187 3.41 

M, = 1.00 

-3.9 -.009 .0340 .0296 -0.27 
-1.6 ,059 .0374 .0270 1.58 
.6 .130 .Oh71 .0202 2.75 
2.9 .199 .%lo .0127 3.26 
5.1 .255 .0782 .0126 3.25 
7.3 .298 .W78 .0143 3.04 
9.5 .326 .1166 .0202 2.79 

.011 

.077 

.140 

.2W 

.268 

.311 

.322 
- 

-3.8 
-1.6 

.7  
2.9 
5.2 
7.4 
9.5 

M, = 1.10 

-3.8 $042 .0374 
-1.6 .og4 .Oh30 

2.9 .198 .&61 
.7 .147 .OS27 

5.1 .e47 .0832 
7.3 .286 ,1030 
9.5 .296 

.0024 1.11 

.0002 2.17 

-.0072 2.99 
-.0035 2.78 

-.Or16 2.96 
-.0110 2.77 
.0&7 2.53 

W 
4 



TABLE V.-LONGITUDINAL AERODYNAMIC CHARACTERISTICS FOR THE WING UNFOLDING PROCESS - Continued 
(c) Complete Model, Semi-hemisphere Nose, 8, = 90' 

3b.4 
31.4 
32.4 
33.4 
34.4 
35.5 
36.5 
37.5 
38.5 
39.6 
40.6 
41.6 
42.6 
43.6 
44.6 

46.7 
47.7 
48.7 
49.7 

51.7 

45.6 

50.7 

h 

24.3 

,185 
.140 
.135 
.I33 
.132 
,134 
,135 
.I38 
.I75 
.I73 
.172 
.171 
.172 
.175 
.177 

.188 

.185 

.187 

.188 

,175 

.190 

.182 

= 3.0 

). 120 
. I27 
.I33 
.141 
.148 
.155 
.160 
.165 
.171 
.162 
. B O  
.194 
.2 04 
.2l2 
.218 
.220 
.e25 
.227 
.227 
.230 
.233 
.238 
.243 
,239 
,239 
.237 
.240 
.245 
.249 
.248 

- 

'rn 
0.0157 
.0177 
.0168 
.0161 
,0149 
.0149 
.0154 
,0161 
.0177 
.0560 
.&lo 
.0651 
.0671 
.0696 
.0715 
.0729 
.0547 
.0591 
.0625 
.653 
.0669 
.0653 
.0660 
.0606 
,0679 
.@Ob 
.0918 
.0912 
,0957 
.lo34 

yn 
1.16 
1.15 

- 

1.14 
1.13 
1.13 
1.11 
1. 09 
1.09 
1.08 
.86 
.75 
.68 
.64 
.63 
.61 
.62 
.78 
.76 
.75 
.74 
.73 
.73 
.73 
.79 
.78 
.77 
.77 
.76 
.72 
.70 

a& 
22.1 
23.1 
24.1 
25.2 
26.2 
27.2 
28.2 
29.2 
30.2 
31.2 
32.2 
33.2 
34.2 
35.2 
35.7 
36.3 
37.3 
38.3 
39.3 
40.3 
40.8 
41.3 
41.8 

- 
CL - 
0.116 

.121 
,126 
.131 
.137 
.144 
.151 
.157 
.133 
.135 

.145 

.148 

.153 

.138 

,156 
.169 
.166 
.168 
.172 
.179 
,180 
.181 
.183 

M-= 5.0 

__ 
.094 
,099 
.105 

.117 

.125 
,132 

,110 

.143 

.loo 

.111 

.124 

.155 

.168 

.183 

.191 

.169 

.182 

.194 

.205 

.215 

.223 

.228 

.237 

'rn 

3.0062 
.0057 

,0048 
,0057 
,0011 

-. 0027 
- ,0044 
.0296 
.0309 
.0318 
.0247 
.0245 
.M15 
.0184 
.0212 
.W41 
.0238 
.0225 
. o m  
.0167 
.0164 
.0143 

.0051 

1.22 
1.21 
1.20 
I.. 19 
1.17 
1.15 
1.14 
1. og 
1.32 
1.21 
1.11 
.93 
.88 
.83 
.81 
1.00 
.91 
.86 
.83 
.83 
.80 
.79 
.77 

c I 
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TABLE V.-IQNGITuDINAL AERODYNAMIC CHARACTERISTICS FOR THE WING UNFOLDING PROCESS - C o n c l u d e d  
(a) C o m p l e t e  M o d e l ,  Semi-hemisphere N o s e ,  8, = 120’ 

- 
a aeg 

22.3 
23.3 
24.3 
25.4 
26.4 
27.4 
28.4 
29.4 
30.4 
31.5 
32.5 
33.5 
34.5 
35.5 
36.5 
37.5 
38.6 
39.6 
40.6 
41.6 
42.6 
43.7 
44.7 
45.7 
46.7 
47.7 
48.8 
49.8 
50.8 
51.8 

0.133 
,140 
.147 
.154 

.168 
,173 
.179 
.184 
.189 
,195 
.200 
.204 
.208 
.211 
,216 
.217 
,222 
,226 
.227 
.228 
,230 
.230 
,832 
,232 
.239 
.238 

.234 

.160 

.236 

.230 

1.104 
.log 
.116 . I24 
.131 
.137 
.145 
.154 
.162 
,165 

,185 
.174 

.194 
,203 
,212 
,222 
.231 
.241 
.e53 
.264 
.273 
.284 
.294 
,319 
.328 
,335 
.346 
.356 
.366 
,377 

cln 
3.0163 

,0150 
.0153 

.0145 

.0144 

.0123 

.0131 
,0131 
.0140 
,0137 
.0126 
,0113 
. Olog 
,0107 
.0134 
. Ol24 
~ 0144 
.0088 
.OUT 
.0114 
.0105 
. o n 5  
,0142 
.ol25 

- ,0001 
- .0022 
- .0048 -. 0060 
- . 0042 

.0160 

L/D 
1.28 
1.27 
1.26 
1.24 
1.22 
1.22 
1.19 
1.16 
1.13 
1.14 
1.11 
1.08 
1.05 
1.02 
.99 
.97 
.94 
.91 
.89 
.86 
.83 
.81 

.72 

.70 

.71 
,68 
.66 

.78 

.63 

.61 

- 
a& - 
22.1 
23.1 
24.1 
25.2 
26.2 
27.2 
27.7 
28.2 
29.2 
30.2 
31.2 
32.2 
33.2 
33.7 
34.2 
34.7 
35.2 
36.3 
37.3 
38.3 
39.3 
40.3 
41.3 
41.8 
42.3 
42.8 

- 

M, = 5.0 

0.109 
,113 

.129 

.120 
,124 

.134 
,137 
.I39 
.144 
.152 
.157 
,161 
,165 
,167 
.169 
,171 

.178 

.181 

.188 

.191 

.173 

,184 

.193 

.194 

.I95 

.I95 

- 

- 
CD - 
1.084 
.089 
. og5 
,101 
.lo7 
.114 
,117 
,121 
.129 
.138 
.I46 
,154 
.I57 
.162 
.167 

.183 

.191 

,172 
,177 

.200 

.210 
,218 
.228 
.e34 
.240 
.245 

- 

a 
0.0101 
,0111 
. oogo 
,0109 
. o m  
.0111 
.0106 
,0112 
,0116 
,0087 

.0088 

.0078 

.067 
,0070 
,0066 
.0055 
.0050 
.0w50 
.0056 
.0044 
.0044 

.0073 

.0077 

,0085 

.0077 
,0079 

1.29 
1.27 
1.26 
1.22 
1.20 
1.17 
1.16 
1.14 
1.11. 
1.10 
1.07 
1.04 
1.04 
1.03 
1.01 
,99 
.97 
.97 
.94 
.92 
.89 
.87 
.84 
.82 
.81 
.79 

- 



c- 
0 

. 

TABLE VI.-LATERAL AERODYNAMIC CHARACTERISTICS FOR TRE WING UNFOLDING PROCESS 

- 
a 

dee - 
0.3 

. 3  

. 3  

. 3  

.3 

. 3  

. 3  

.3 
7.7 
7.7 
7.7 
7.7 
7.7 
7.7 
7.7 

26.8 
26.8 
26.8 
26.8 
26.8 
26.8 
26.8 
26.8 
26.9 
34.1 
34.1 
34.1 
34.1 
34.1 
34.1 
34.1 
34.1 
34.1 
41.3 
41.3 
41.3 
41.3 
41.3 
41.3 
41.3 
41.3 
41.3 
48.5 
48.5 
48.5 
48.5 
48.5 
48.5 
48.5 
48.4 
48.4 - 

(a) Complete Model, Semi-hemisphere Nose, 8, = 30° 

cz 

0.00900 
-.ow585 
-.00460 -. 00221 
.00034 
.00268 
.00497 
.00727 

-.00630 -. 00392 
-.00178 
.00031 
.00294 
.00535 
.00645 

-.00427 
-.00291 -. 00129 . 00011 
.00312 
.00460 
.00583 
.00746 

- .00371 -. 00317 -. 00192 -. 00063 
.00029 
.00113 
.00207 
.00375 
,00522 
.offir6 

- .00153 -. 00043 
.00036 
.00170 
.00298 
.00414 
.00512 
.00654 

- .00104 -. 00050 
.00040 
,00115 
.00272 
.00325 
.00358 
.00589 
.00693 

.00736 

cy 
de6 

0.: 
.: 
.: 
.: 
.: 
,: .. 
.: 

7.t 
7.L 
7.t 
7.L 
7.6 
7.L 
7.L 
7.L 
7.L 

- 
B 

deg 

-4.0 
-3.0 
-2.0 
-1.0 
0 
1. 0 
2.0 
3.0 

-3.0 
-2.0 
-1.0 
0 
1.0 
2. 0 
2.5 

-4.0 
-3.0 
-2.0 
-1.0 
1. 0 
2.0 
3.0 
4. 0 
0 

-4.0 
-3.0 
-2.0 
-1.0 
0 
1.0 
2.0 
3.0 
4.0 

-4.0 
-3.0 
-2.0 
-1.0 
0 
1. 0 
2.0 
3.0 
3.9 

-4.0 
-3.0 
-2.0 
-1.0 
0 
.9 

1.9 
2.9 
3.9 

- 

M, = 3.0 

CY 

-0 I 0346 -. 0263 -. 0217 -. 0117 
- .0005 . 0095 
.0195 
.0292 -. 0322 -. 0223 -. 0129 -. 0029 
.0087 
.0191 
.0239 

-0.0596 -. 0481 -. 0351 -. 0209 
.0074 
.0214 
.0347 
.0484 -. 0071 -. 0599 -. 0469 
-. 0327 

- .0033 
.0119 . O n 3  
.Ob03 
.0546 - .0764 -. 0591 -. 0406 

- .0238 -. OQSC 
.0136 
.03W 
.0501 
.Or37 
-.a26 -. 0618 -. 0388 -. 0159 
.0034 
.0246 
.&57 
.os21 
.0837 

-. 0185 

- 
cn 
- 
0.0031 

.0021 

.0025 

.0013 

.OOOl -. 0011 -. 0022 -. 0033 
.0030 
.0021 
.0014 
.0005 

- .0005 
-. 0014 -. 0018 
.0108 . c088 
.0065 
.0039 -. 0017 -. 0042 -. 0069 

-. 0092 
.0012 
. o n 0  
.ow0 
.0068 
.0045 
.0018 

-. 0007 -. 0033 -. 0055 -. 0078 
.0181 
.on1 
.0040 . om7 -. 0047 -. 0110 -. 0162 -. 0231 -. 0380 
.OS4 
.0168 
.0026 -. 0112 -. 0168 -. 0274 -. 0388 -. 0391 -. 0468 

- 
B 

deg 

-4. 0 
-3.0 
-2.0 
-1.0 
0 
1.0 
2.0 
3.0 

-4.0 
-3. 0 
-2.0 
-1. 0 
0 
1.0 
1.5 
2.0 
3.0 

__ 

M, = 4.0 

CY 

-0.0278 -. 0214 
- .0173 -. 0095 -. 0011 
.0069 
.015i 
.023C - .0218 -. 0169 -. 0201 -. 0115 - .0026 
,0068 
.012c 
.0158 
.0243 

- 
cn 
- 
0.0028 
.0022 
.0023 
.0013 . 0001 

-.ooog -. 0020 -. 0030 -. 0010 
- *  0007 
.0022 
.0014 
,0005 -. 0005 -. 0010 -. 0013 -. 0022 

- 

cz 

-0.0065C -. 0049C -. 0033c -. 00165 
. ooooi 
.00171 
.0034i 
.00503 - .00798 -. 00605 

- ,00395 -. 00182 
,00023 
.oo226 
.00348 
.0044E 
.00646 

- 
ty 

ieg 

0.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 

7.3 
7.3 
7.3 
7.3 
7.3 
7.3 
7.3 
7.3 

- 

- 

- 
B 

de6 

-2. ! 
-2. I 
-1. I 
-1. I 
0 
1. ( 
2. I 
3.1 
4. ( 

-3. ! 
-3. I 
-2. ( 

-1. I 
0 
1. ( 
2. I 
3. ( 

- 

- 

.M, = 5.0 

CY 

-0.016~ 
-. 0132 -. 0103 
-. 0075 -. 0008 
.0w1 
.0n1 
.0171 
.0231 -. 0295 -. 0261 -. 0184 

-. 0015 
.0067 
.0149 
.0233 

-. 0103 

cn 
- 
).OOl! 
.oox 
.001: 
.001: . 000: -. 000: -. 0011 -. 001’ -. 002: 
.003( . OO? . 001: 
.001: . 000: - . 000: -. O O l l  -. 0021 

- 

Cl 

0.00300 -. 00242 
- .00179 -. 00118 
.00024 . 00146 
.00275 
.00399 
.00524 

-, 00654 -. 00557 -. 00368 
-, 00166 
.00039 
.00216 
.00407 
.00622 



TBLE VI.-LATERAL AERODYNAMIC CHARACTERISTICS FOR THE WING UNFOLDING PROCESS - Continued 
(b) Complete Model, Semi-hemisphere Nose, 8, = 60' 

,0123 

.M41 

.0363 
-.Ob77 
-.024 
-.0156 

.0182 

.0013 

.ow9 
,0168 
.w58 
.0338 
.0416 
-.0549 -.0362 

0 
-.0179 

.0188 
,0283 
.0368 
.0458 
-.0729 
-.0586 -. 0396 
-.0192 
0 

.0105 

,0095 
.0195 
,0400 
.O506 

. ~ 9 6  

.."g 
0.2 

.2 

.2 

.2 

.3 

.3 

.2 

.3 
7.4 
7.4 
7.4 
7.4 
7.4 
7.4 
7.4 
7.4 
16.5 
26.5 
?6.5 

16.5 
16.5 
?6.5 

16.5 

26.5 
16.9 
16.5 
33.6 
33.6 
33.6 
33.6 
33.7 
33.7 
33.7 
33.7 
33.7 
1.0.8 
+o. 8 
+o. 8 
+o. 8 
+o. 8 
10.8 
rO. 8 
ro. 8 
to. 8 
r7.9 
+7. 9 
+7.9 
+7. 9 
(7.9 
r7.9 
r7.9 
+7. 9 
+.-I. 9 

16.5 

16.5 

26.5 

-.OOl? 

-.0031 
-.0045 
.0034 
,0001 
-.0029 

-.ow4 

-.006c 
-.008c 
-.0082 
-.oioc 
-.0114 -. 0129 

.0067 .0033 
-.oooi - .0036 
-.o06E 
-.008: 
-.0101 
- .011E 

. o i l (  

.008: 

.004t 

.ooct 
-. 003 
-.0045 
-.007: 
-.ow( 
-.Olll 
-.013Z 

-.0053 

& 
-4.0 
-3.0 
-2.0 
-1.0 
0 
1.0 
2.0 
3.0 
-4.0 
-3.0 
-2.0 
-1.0 
0 
1.0 
1.9 
2.9 
-3.9 
-3.0 
-2.0 
-1.0 
0 
.5 
1.0 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0 
-4.0 
-3.0 
-2.0 
-1.0 
0 
1.0 
2.0 
3.0 
4.0 
-4.0 
-3.0 
-2.0 
-1.0 
0 
1.0 
2.0 
3.0 
4.0 
-4.0 
-3.0 
-2.0 
-1.0 
0 
1.0 
2.0 
3.0 
4.0 

M, = 3.0 

CY 

-0.0528 
- .0397 
-. 0259 -. 0121 
.ow1 
.0153 
.0295 
.0426 -. 0561 

- ,0417 -. 0323 
-. 0151 
- ,0003 
.0201 
.Ob25 
.0641 

-. 0547 -. 1038 
- .0369 - .0198 
- .0008 

.0168 

.0268 

.0358 

.0434 

.0525 
,0610 
.0694 - ,0763 -. 0581 

-. 0390 -. 0201 - . 00-33 
.0196 
.04M 
,0587 
.0774 
-.a31 
-. 0638 -. 0438 -. 0228 -. 0011 
.0197 
.0406 
.&lo . @09 

- . 0901 - .0717 
-.0487 
-.M55 -. 0024 
.Mol 
.Ob31 
,0665 
.0871 

.0078 

0.0034 
.0021 
.0006 

-. 0008 -. OM2 
-. 0029 
-.0&3 - .0056 
.0056 
.0041 
.0068 
,0013 

- .0087 
-. 0003 
- .0190 - ,0289 
.OW9 
.0050 
. OM3 -. 0008 

-. OM2 - .0037 
-. 0053 -. 0069 -. 0080 
-. OW5 -. 0108 
- ,0120 
. O W  
.0087 
.0057 
.OW8 
0 -. 0033 
-.0063 
-. OW4 -. 0118 
.0141 
.01E 
,0078 
.0045 
.0008 -. 0030 - ,0064 -. 0097 - .0127 
.0140 
.0128 
.0085 
.0046 . 0008 

-. 0025 -. 0064 
-. 0105 -. 0125 

C1 

0.00953 -. 00715 
-. 00470 

.00047 

.00538 

.00778 
-. 00806 - ,00582 
- ,00375 -. 00154 

.00077 

.OM93 

.00506 
,00718 

- ,00066 
-. 00008 
,00014 
.00056 
.00057 
. O O W l  . 00108 
. O O W  
.00144 
.00175 
.om03 . OM37 

- .00108 - .00070 
-. 00023 -. 00012 
.00036 
.00086 
.00113 
.00142 
,00181 - .00031 
.00001 
. 00028 
.00066 
.00086 
.00114 
,00154 
.00182 
. 00215 - .00046 -. 00005 
.00045 
.00070 
.00102 
.00047 
.00072 
,00117 
.OM06 

-. 00222 

. 00285 

- 
& 
I. 2 
.2 
.2 
.2 
.2 
.2 
.2 
.3 
.3 
'. 4 
'. 4 .. 4 
'. 4 
'. 4 
.. 4 .. 4 .. 4 

- 

B aeg 
-4.0 
-3.0 
-2.0 
-1.0 
0 
I. 0 
2.0 
3.0 
3.5 
-4.0 
-3.0 
-2.0 
-1.0 
0 
1.0 
2.0 
3.0 

M, e 4.0 

CY - 
.O. 0465 
-. 0353 
-.0234 -. 0114 
.0012 
.0127 
.0247 
,0369 
.Ob22 -. 0503 

- .0381 -. 0257 -. 0138 -. 0006 
.0112 
,0238 
.0357 

Cn 
3.0040 . OM7 
.0012 

- ,0002 
- ,0018 
- .0@6 

-. 0058 
.0&3 
.0028 
.0015 

- . 0001 - .0016 -. 0030 
-. 0044 

-. 0040 
-. 0053 
.0057 

CZ - 
0.00798 -. 00607 -. 00407 
- .ow01 
.00021 
.00225 
.00427 
.0064C 
.00734 

-. 00741 -. 00547 -. 00352 
-.00155 
.0005C 
.00233 
.00427 
.00616 

- 
a% - 
0.1 
.1 
.1 
.1 
.1 
.1 
.1 
.1 
7.2 
7.2 
7.2 
7.2 
7.2 
7.2 
7.2 
7.2 
7.2 
7.2 
!6.2 
!6.2 
!6.2 
!6.2 
!6.2 
!6.2 
!6.2 
!6.2 
!6.2 
33.3 
33.3 
33.3 
33.3 
33.3 
33.3 
33.3 
33. 3 
33.3 
$0.3 
$0. 3 
40.2 
$0. 2 
40. 2 
40. : 
40.: 
40.: 
40. : 
40. : 

- 

a& - 
-2.5 
-2.0 
-1.0 
0 
1.0 
2.0 
3.0 
4.0 
-4.0 
-3.0 
-2.0 
-1.0 
0 
.5 
1.0 
1.5 
2.0 
3.0 
-3.0 
-2.0 
-1.0 
0 
.5 
1.0 
1.5 
2.0 
2.5 
-3.0 
-2.0 
-1.0 
0 
.5 
1.0 
1.5 
2.0 
2.5 
-3.8 
-3.0 
-2.0 
-1.0 
0 
.5 
1.0 
1.5 
2.0 
2.5 

M, = 5.0 

-. 0473 - .036c 
-. 0241 - .on9 
,0004 
.0061 

.0055 

.0041 

.ow6 

.0011 -. 0005 
-. 0009 

C2 
0.00406 
-. 00317 
-. 00139 
.00059 -. 00062 
.00111 
,00298 
,00482 

- ,00822 
-. 00631 
-. 00452 -. 00229 
.00004 . ooog2 
,00181 
.OM92 
.00390 
.00584 -. 00262 -. OM31 
-. 00185 -. 00103 - ,00084 -. 00052 
- .00015 
.00025 -. OM59 -. 00210 
-.00153 -. 00082 
-. 00069 -. 00054 -. 00039 
-. 00020 
,00001 -. 00159 
-. 00085 -. 00037 
.00032 
.00059 
.00080 
.00100 
.00123 
.00151 

-. 00029 

-. 00129 

c P 



TABLE VI.-LATEIRAL AERODYNAMIC CHARACTE€USTICS FOR TRE W I N G  UNFOLDING PROCESS - Continued 
(c) Complete Model, Semi-hemisphere Nose, 6, = 90' 

- 
ti& 
26.4 
26.4 
26.4 
26.4 
26.4 
26.4 
26.4 
26.4 
26.4 

33.4 
33.4 
33.4 
33.4 
33.4 
33.4 
33.4 
33.4 
33.4 

40.6 
40.6 
40.6 
40.6 
40.6 
40.6 
40.6 
40.6 
47.7 
47.7 
47.7 
47.7 
47.7 
47.7 
47.7 
47.7 
47.7 

- 

- 
5 

deg 
-4.0 
-3.0 
-2.0 
-1.0 
0 
1.0 
2.0 
3.0 
4.0 

-3.8 
-3.0 
-2.0 
-1.0 
0 
1.0 
2.0 
3.0 
4.0 

-3.0 
-2.0 
-1.0 
0 
1.0 
2.0 
3.0 
4.0 

-4.0 
-3.0 
-2.0 
-1.0 
0 
1.0 
2.0 
3.0 
4.0 

= 3.0 
C 
- 

Y 
0.0617 -. 0491 
-. 0353 
-.0206 
-. 0047 
. OW9 . 0247 
.0390 
.0523 

- ,0034 
-. 0042 
- .0031 
- ,0006 
.0030 
.Om8 
.0129 
.0154 
.0148 

-. 0035 

- 

,0003 
.om5 
.0&3 
.0078 
.m35 
.0194 . 0251 

-. 0304 
-. 0247 
- .0197 -. 0130 
-. 0075 -. 0002 
.0033 
. a55  
. a 6 3  

'n 

0.0075 
.0062 
,0046 
.ow5 

-.om5 -. 0045 -. 0062 
- .0078 

-. 0129 
- , 0 9 6  

-. 0144 

-. 0064 - .0039 
-. 0023 

,0002 
.0034 
.om1 

- ,0128 
- .0102 
-. 0064 
-_ 0027 . 0001 
.0019 
.0034 
.OW5 -. 0056 

- ,0034 
-. 0006 . 0014 
,0031 
.0&1 
.om0 
.OS5 
.0059 

c2 
0.00145 
.00126 
.001m 
,00080 
,00051 
.00020 -. 00010 -. 00026 - .00038 

-. 00357 -. 00313 -. 00213 
-. 00113 

,00037 
.00114 . 00244 
.00408 

- .00484 
-. 00406 
-. 00193 -. 0093 - .00006 
.00038 
.00072 
.00341 
-. 00239 
- ,00119 

.00037 

. OOlI.3 

.00143 

. 00231 

.00152 

.00131 

- .00003 

.00016 

1 M- = 5.0 - 
dea dea 5 cy 'n c2 

26.2 -2.0 -0.0293 0.0014 0.00066 
26.2 -1.0 -.Or83 .0003 .00061 

26.2 . 5  -.0011 -.0016 .00069 
26.2 o -.0065 -.ooii .00057 

1 26.2 1.0 .0046 -.0020 io0076 

40.3 -3.0 -.0173 -.0037 -.00136 
40.3 -2.0 -.0140 -.0012 -.00059 
40.3 -1.0 -.0122 .0055 .00062 
40.3 0 -.0045 ,0031 .OOOg4 

40.3 1.0 -.0040 .0072 .00214 
40.3 1.5 -.0022 .&3 .00264 
40.3 2.0 -.0005 .ow8 .00316 

40.3 .5 -.0048 .0056 .00189 
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TABLE VI.-LATERAL AERODyNAMlC CHARACTERISTICS FOR THE WING W O L D I N G  PROCESS - Concluded 
(d) Complete Model, Semi-hemisphere Nose, 8, = 120° 

C1 

-0.00104 
- .ooO61 
-. 00039 -. 00051 
- ,00092 
.00066 
.00087 
,00110 -. 00053 

- ,00047 
-. 00024 
.00004 
.00026 
,00048 
,00075 
,00089 
. OOW9 -. 00132 - .00100 

- .00056 
- ,00017 
,00031 
,00052 
.00072 
,00096 
,00114 

-. 00284 
- .00199 

CY 
deg 

26.4 
26.4 
26.4 
26.4 
26.4 
26.4 
26.4 
26.4 
26.4 
33.5 
33.5 
33.5 
33.5 
33.5 
33.5 
33.5 
33.5 
33.5 
40.6 
40.6 
40.6 
40.6 
40.6 
40.6 
40.6 
40.6 
40.6 
47.7 
47.7 
47.7 
47.7 
47.7 
47.7 
47 -7 
47.7 
47.7 __ 

CY 
aeg 

26.2 
26.2 
26.2 
26.2 
26.2 
26.2 
26.2 
26.2 
26.2 
33.2 
33.2 
33.2 
33.2 
33.2 
33.2 
33.2 
33.2 
33.2 
40.3 
40.3 
40.3 
40.3 
40.3 
40.3 
40.3 
40.3 
40.3 

_. 

B 
deg 
-4.0 
-3.0 
-2.0 
-1.0 
0 
1.0 
2.0 
3.0 
4.0 
-4.0 
-3.0 
-2.0 
-1.0 
0 
1.0 
2.0 
3.0 
4.0 
-4.0 
-3.0 
-2.0 
-1.0 
0 
1.0 
2.0 
3.0 
4.0 
-4.0 
-3.0 
-2.0 
-1.0 
0 
1.0 
2.0 
3.0 
4.0 

M, = 3.0 - 
__ 
-0.0319 

- ,0187 -. OU4 
- ,0034 -. OW9 
,0107 
,0187 
,0266 

- ,0379 -. 0296 
-. 0217 
- ,0136 
-. 0055 
,0025 

-. 0260 

,0107 
,0194 
,0285 
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A-27939 
Figure 1.- Entry configuration with wings folded and fairings covering the nose. 



A-28086.1 

Figure 2.- Multiple exposure of unfolding wings with wing tips undeflected. 



A-27943 

Figure 3 , -  Aircraf t  configuration with wing t i p s  rotated downward 4g00 
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Figure 5.-  Model dimensions. 



A-27675 
Figure 6.-  Model with wing t i p s  deflected 90' mounted i n  transonic wind t i n e l .  
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Figure 8.-  Wind-tunnel model of aircraft configuration for high angles of attack. 



A-28696 

Figure 9.- View of model with wings p a r t i a l l y  unfolded; 8, = 60°. 
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Figure 10.- Wind-tunnel model of entry con 
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(a) Variation of lift coefficient with angle of attack. 

Figure 11.- Longitudinal aerodynamic characteristics for entry configuration. 
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(b) Variation of drag coefficient with angle of attack. 

Figure 11.- Continued. 
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(c) Variation of pitching-moment coefficient with angle of attack. 

Figure 11.- Continued. 
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Figure 11 - Concluded. 
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Figure 12. - Lateral  s t a b i l i t y  derivatives f o r  entry configuration. 
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Figure 13.- Effect of wing-fold angle on longitudinal aerodynamic 
characteristics; M = 3. 
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Figure 14.- Effect of wing-fold angle on lateral aerodynamic 
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Figure 15.- Low-speed characteristics of aircraft configuration; 
g = 50, et = 8, = oo. 
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Figure 17. - Concluded. 
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Figure 17.- Supersonic characteristics for aircraft configuration. 
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Figure 20.- Location of aerodynamic center  for various wing-tip 
deflections;  8, = 0'. 
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Figure 26.- Fuselage internal arrangement for single-engine vehicle. 

B . 



d, 

7Ox1O3 

c W 

Lo 
m 

? 
VI 
a, 
VI 

60 

5 0  

40 
Q) 
-0 
3 
t .- = 30 a 

20 

10 

0 
0 

- 

min. afterburner p 

no afterburner 

Engine 
l i m i t  

I 
.2 .4 .6 .8 I .o 1.2 I .4 

Mach number ,  M, 
I .6 i .8 2.0 2.2 

Figure 27.- Flight operation envelope for four-engine vehicle. 



h 

i 




